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V Mr. R. C. Day
Duke Engineering & Services, Inc.
TDI Diesel Generators Owners' Group

clearinghouse
230 South Tryon Street
P. O. Box 1004
Charlotte, North Carolina 28201-1004

Dear Mr. Day:

SUBJECT: SAFETY EVALUATION, INSPECTION REQUIREMENTS FOR TRANSAMERICA DELAVAL,

INC. DIESEL GENERATORS (TAC NO. M85325)

The Transamerica Delaval (TDI) diesel generators Owners' Group (Owners' Group)
submitted proposals on November 30,1992 (Reference 1 in the enclosed Safety
Evaluation) and December 7,1993 (Reference 2), recommending removal of
licensing conditions imposed as part of a technical resolution to address
concerns regarding the reliability of the TDI emergency diesel generators
(EDGs) following the crankshaft failure at Shoreham in August 1983. The
technical resolution involved implementation of Phase I and Phase II programs
as identified in NUREG-1216 (Reference 3). The Phase I program focused on the
resolution of known engine component problems that had potential generic
implications, while the Phase II program focused on the design review of a
large set of important engine components to ensure their adequacy from a

d manufacturing standpoint, as well as operational performance. At that time,
the staff concluded that these components merited special emphasis in the area
of load restrictions and/or maintenance and surveillance. The 16 major
components which were identified included connecting rods, crankshafts,
cylinder blocks, cylinder heads, riston skirts, and turbochargers. Engine
load restrictions were addressed in the plant Technical Specifications,
license conditions, engine operating procedures and operator training, as
appropriate, for five of these components. The most critical periodic
maintenance / surveillance actions for these coreponents were incorporated as
license conditions.

On the basis of substantial operational data and inspection results the
Owners' Group provided information in References 2 and 3 to demonstrate that
the special concerns of NUREG-1216 are no longer warranted. The Owne; s' Group
stated that the TDI EDGs should be treated on a par with other EDGs within the
nuclear industry and subjected to the same standard regulations, without the
special requirements of NUREG-1216. In addition, the Owners' Group. stated
that this action will improve availability of the engines for service,
especially during outages, while maintaining current reliability levels.

The NRC staff and its consultants at Pacific Northwest Laboratories (PNL) have
completed a review of the operational data and inspection results contained in
the Owners' Group submittal reports relative.to the individual components. In
addition, independent opinions were obtained from three leading diesel engine
experts regarding these inspection requirements.
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On the basis of its review, the staff has concluded that there is adequate%

justification for removing the present component-based licensing conditions.
The staff's evaluation of the Owners' Group's submittal reports is in the |
attached safety evaluation (SE). !

It is intended that the attached SE be referenced by affected licensees in
proposals for changes to facility licenses to the extent specified and under |
the limitations delineated in the licensee submittals and the associated NRC l
evaluation. The evaluation defines the basis for the approval of the reports !
and is applicable to the eight Owners' Group licensees: Texas Utilities for
Comanche Peak; Entergy Operations for Grand Gulf; Duke Power for Catawba; i

Carolina Power for Shearon Harris; Georgia Power for Vogtle; Cleveland ;

Electric Illuminating for Perry; Grand Gulf Utilities for River Bend; and i

Tennessee Valley Authority for Bellefonte. )

In accordance with procedures established in NUREG-0390, the TDI Owners' Group
is requested to publish approved versions of the Owners Group reports as
generic topical reports within three months of receipt of this staff approval.
The accepted version should incorporate this approval letter and the enclosed
evaluation between the title page and the abstract. The approved version
shall include an -A (designating approved) following the report identification
symbol.

The staff does not intend to repeat its review of the approved matters
described in the approved generic topical reports when the reports appear as,

''- references in license applications except to assure that the material
presented is applicable to the specific plant involved. The staff's approval
applies only to the matters described in the reports.

Should the staff's criteria or regulations change so that the staff's
conclusions as to the acceptability of the reports are invalidated, the
Owners' Group and/or the licensees referencing the reports will be expected to
revise and resubmit their respective documentation, or submit justification
for the continued effective applicability of the reports without revisions of
their respective documentation.

Sincerely,

db M /m

James A. Norberg, Chief
Mechani:a1 Engineering Branch
Division of Engineering
Office of Nuclear Reactor Regulation

Enclosure:
Safety Evaluation

O

<



'

, . . . , . ,

||$ # '.'\
3 UNITED STATESa

5 ' C y/. ! NUCLEAR REGULATORY COMMISSION

's| v ( wassisorow. o c. ressam
% .* " arch 1. I m,

,,

! \
V MEMORANDUM FOR: Ashok C. Thadant, Associate Director

for Inspection and Technical Assessment

FROM: M. Wayne Hodges, Acting Director
Division of Engineering

SUBJECT: SAFETY EVALUATION REPORT, PROPOSED REGULATORY CHANGES IN
INSPECTION REQUIREMENTS FOR TRANSAMERICA DELAVAL, INC.
(TDI), DIESEL GENERATORS AND WAIVER OF CRGR REVIEW

diefArepAu; (1) TDI Owners' Group submittal proposing removing of
licensing conditions imposed by NUREG-1216, dated
November 30, 1992.

(2) TDI Owners' Group Generic Licensing Submittal No. 2
for Emergency Diesel Generator Conditions of License
for Utilities With Enterprise Engines, dated
December 7,1993.

e

(3) NUREG-1216, ' Safety Evaluation Report Related to the
Operability and Reliability of Emergency Olesel
Generators Manufactured by Transamerica Delaval,
Inc.," dated August 1986.

U
.,41Adbe.uwrinjDelaval (TDI) diesel generators Owners' Group (Owners' Group)

submitted proposals on November 30,1992 (Reference Q and December 7,1993
(Reference 2), recomending removal of the licensing cenditions imposed in
1986 as part of a technical resolution to address the sc-called 'TDI diesel
generator issues" (namely, the concerns that were raisr.d regarding the i

reliability of the TDI emergency diesel generators (EDGn following the
crankshaft failure at Shoreham in August 1983). The technical resolution
involved implementation of Phase I and Phase 11 programs as identified in
NUREG-1216 (Reference 3). The Phase I program focused on the resolution of
known engine component problems that had potential generic implications, while |

!the Phase !! program focused on the design review of a large set of important
engine components to ensure their adequacy from a manufacturing standpoint, as !
well as operational performance. At that time, the staff concluded that these i

components merit special emphasis in the area of load restrictions and/or !
maintenance and surveillance. The 16 major components which were identified

'

included connecting rods, crankshafts, cylinder blocks, cylinder heads, piston ,

skirts, and turbochargers. Engine load restrictions were addressed in the l

plant Technical Specifications, license conditions, engine operating
procedures and operator training, as appropriate, for five of these
components. The most critical periodic maintenance / surveillance actions for
these components were incorporated as license conditions. !

O
O
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V) On the basis of substantial operational data and inspection results the
-

Owners' Group provided information in its submittal reports of December 1992
and December 1993 (References 1 and 2) to demonstrate that the special
concerns of NUREG-1216 (Reference 3) are no longer warranted. The Owners'
Group contends that the TDI EDGs should be treated on a par with other EDGs
within the nuclear industry and subjected to the same standard regulations,
without the special requirements of NUREG-1216. In addition, the Owners'
Group asserts that this action will improve availability of the engines for
levels. service, especially during outages, while maintaining current reliability

The Mechanical Engineering Branch and its consultants at pacific Northwest
Laboratories (PNL) have completed a review of the operational data and
inspection results contained in the Owners' Group submittal reports relative . .

to the individual components. !

In addition, independent opinions were obtained
!from three leading diesel engine experts regarding these inspection 'requirements,

iOn the basis of the review, the staff's overall conclusion is that there is
adequate and defendable justification for removing the present component-based licensing conditions. The staff's evaluation of the Owners' Group's
submittal reports (References 1 and 2) is in the attached safety evaluation :

i

(SE). It is recorraended that the transmittal of the SE to the TDI Owners'
Group be approved without CRGR review for the following reasons:

O (1) The proposed regulatory changes in the inspection, maintenance and !O
surveillance requirements for the TDI diesel engines are consistent with
the maintenance rule published on July 10, 1991, as 10 CFR 50.65. '

|

(2) The proposed Owners' Group submittal refers only to requirements or
staff positions previously applictble to the affected liuensses.

(3) The proposed changes have adequate technical justification on the basis
of a review of the current reliability data and inspection results of
operating TDI engines throughout the last several years.

(4) These actions are consistent with current practice and do not represent
a new staff position. Removal of license conditions would place the TDI
engines on a par with other diesel engines in nuclear power plants.

(5) These actions are likely to result in improved availability of the TDI
engines, while maintaining their current high reliability.

(6) Any licensee proposal to implement these changes is voluntary.

It is further recomended that the attached SE be approved for reference in
license applications to the extent specified and under the limitations
delineated in the licensee submittal reports and the associated NRC
evaluation. The evaluation defines the basis for the approval of the reports.
This generic SE would then be referenced by the eight Owners' Group licensees
(Texas Utilities, Comanche Peak; Entergy Operations, Grand Gulf; Duke Power,
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Catawba; Carolina Power, Shearon Harris; Georgia Power, Vogtle; Cleveland
Electric Illuminating, Perry; Grand Gulf Utilities, River Bend; and Tennessee
Valley Authority, Bellefonte) to process operating license amendments on their
plant dockets for removing the license conditions.

In accordance with procedures established in NUREG-0390, the TOI Owners' Group
would be requested to publish approved versions of these submittal reports as .
generic topical reports within three months of receipt of the staff approval.
The accepted version should incorporate this approval letter and the enclosedThe approved versionevaluation between the title page and the abstract.
shall include an -A (designating approved) following the report identification
symbol.

The staff does not intend to repeat its review of the approved matters
described in the approved generic topical reports when the reports appear as
references in license appilcations except to assure that the materialThe staff's approval -

presented is applicable to the specified plant involved.
applies only to the matters described in the reports.

Should the staff's criteria or regulations change so that the staff's
conclusions as to the acceptability of the reports are invalidated, the
Owners' Group and/or the licensees referencing the reports will be expected to
revise and resubmit their respective documentation, or submit justification

,D for the continued effective applicability of the reports without revisions of
[V their respective documentation. If you agree that a CRGR review is not

necessary, please so indicate by signing below. Otherwise, we shall proceed
with the preparation of an appropriate CRGR package.

Nd$MD
H. Wayne Hodges, Acting Director
Division of Engineering

Enclosure:
As statetRIGINALSIGNED

BY:

Approved: Ashok C. Thadani
CRGR review is not necessary

Distribution:
Central Files BDLiaw
CBerlinger REMartin
EMEB RF/PF/CHRON JRajan /
KManoly DE RF

*See previous concurrance #
OFFICIAL RECORD COPY
EMEB:DE* EMEB:0E* EMEB:DE* AD:0E

JRajan;eh KManoly JNorberg HWHodges
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(O FILENAME: G:\Rajan\TOI j

Del



- _ ___ _______ ___ -.

EXECUTIVE SUMMARY

y
Concerns regarding the reliability of large-bore, medium-speed dieselV
generators manufactured by Transamerica Delaval, Inc. (TDI) for application at
domestic nuclear plants were first prompted by a crankshaft failure at
Shoreham Nuclear Power Station in August 1983.

In response to these problems,11 (now 8) U.S. nuclear utility owners formed a
TDI Diesel Generator Owners' Group (Owners' Group) to address operational and
regulatory issues relative to diesel generator sets used for standby emergency

The Owners' Group performed extensive design reviews of all key engine
components and developed recommendations to be implemented by the individual
power.

owners concerning needed component replacements and modifications, component
inspections to validate the "as-manufactured" and "as-assembled" quality of |
key engine components, engine testing, and an enhanced maintenance and

4surveillance program.

The staff evaluation of the Owners' Group program is documented in NUREG-1216.
The staff concluded that implementation of the Owners' Group recomendations,
with minor modifications, established the adequacy of the TDI diesel
generators for nuclear standby service as required by General Design Criterion

The staff further concluded that these
17 of Appendix A to 10 CFR Part 50. actions ensured that the design and manufacturing quality of the TDI engines
is within the range normally assumed for diesel engines designed and ,

Continuedmanufactured in accordance with 10 CFR Part 50, Appendix B.
reliability and operability of the TDI engines for the life of the facilities

j

was ensured by implementation of the maintenance / surveillance programThe most critical periodic maintenance / surveillance,
described in NUREG-1216.
actions for key components were incorporated as license conditions.

\

Since 1985, substantial operational data and inspecti' n results have beeno

accumulated by the TDI Owners' Group on the TDI engines. Although a few
problems have been found, the engine components have generally performed
satisfactorily and the reliability of the machines has been on an upward

In addition, many of the surveillance procedures that are in placetrend.
have proved to be as effective as inspections for identifying potential
problems.

On the basis of operational experience and inspection results, the Owners'
Group provided information in its submittals of November 1992 and December
1993 to demonstrate that the special concerns of NUREG-1216 are no longer

The Owners' Group contends that the TDI emergency dieselwarranted.

generators (EOGs) should be treated on a par with other EDGs within thenuclear industry and subjected to the same standard regulations, without the
In addition, the Owners' Group assertsspecial requirements of NUREG-1216.

that this action will improve availability of the engines for service,
especially during outages, while maintaining current reliability levels.

The NRC staff, with assistance from its consultants at Pacific Northwest
laboratories (PNL), has completed a review of the operational experience and
inspection results contained in the Owners' Group's submittals relative to the

i

-_
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. In addition, independent opinions were.obtained froc
-three leading dicsel engine experts, regarding these inspection requirements. . |individual components.

On the basis of its review, the staff's overall conclusion is that there.Is
. f.- ;_

!

adequate and defendable' justification for removing the present component-l
based licensing conditions imposed on licensees based on recomendations in
NUREG-1216 and that these TDI diesel engines can now be treated in-the same
regulatory manner as other EDGs within the nuclear industry,

l
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
OPERABILITY AND REllABILITY REVIEW 0F EMERGENCY DIESEL GENERATORS/9-

MANUFACTURED BY TRANSAMERICA DELAVAl. INC.b

I. INTRODUCTION

During the 1970s, many utilities ordered diesel generators from Transamerica' -ts in the United States.Delaval, Inc. (TDI) for installation at nuclea
The first of these engines to become operational in nuclear service were those
at San Onofre Unit 1 in 1977. However, nuclear plant operating experience
with TDI emergency diesel generators (EDGs) remained very limited until
preoperational test programs were started at Shoreham and Grand Gulf Unit 1 in
the early 1980s.

Concerns about the reliability of large-bore, medium-speed diesel generators
manufactured by TOI for application at domestic nuclear plants were firstHowever, a broad-
prompted by a crankshaft failure at Shoreham in August 1983.

pattern of deficiencies in critical engine components subsequently becameevident at Shoreham and at other nuclear and non-nuclear facilities employing
These deficiencies stemmed from inadequacies inTDI diesel generators.

design, manuf acture, and quality assurance / quality control by TDI.

In response to these problems,11 (now 8) U.S. nuclear utility owners'
formed a TDI Olesel Generator Owners' Group to address operational and
regulatory issues relative to diesel generator sets used for standby emergency

,

On March 2,1984, the Owners' Group submitted a proposed program ("TDI
l

i
Owners' Group Program Plan") to the NRC that was intended to provide an in-
power.('

|
depth assessment of the adequacy of the respective utilities' TDI engines to(
perform their safety-related function through a combination of design reviews,
quality revalidations, engine tests, and componentln'spections.

~

|The Owners' Group program addressed three major elements concerning the
manufacture, inspection, and operation of TDI diesel engines.

;

;

Resolution of known generic engine component problems to serve )Phase 1:(1) as a basis for licensing plants during the period before completion o j

Phase !! of the Owners' Group program, j

A Design Review / Quality Revalidation (DR/QR), of a large setPhase 11:(2) of important engine components to ensure that their design and ;

manufacture, including specifications, quality control and quality !

assurance, and operational surveillance and maintenance, are adequate. |
|
|

Expanded engine tests and inspections as needed to support Phase I and(3)
!! programs.

f

Carolina Power and Light Co. (Shearon Harris), Cleveland Electric'
111uminating Co. (Perry), Duke Power Co. (Catawba), Georgia Power Co.
(Vogtle), Gulf States Utilities (River Bend), Entergy Operations, Inc.

h (Grand Gulf Units 1 & 2), TVA (Bellefonte), Texas Utilities (Comanche
V Peak).
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The NRC staff concluded in NUREG-1216, a safety evaluation report (SER) of/9
August 1986 (Reference 1) that the Owners' Group program incorporated theessential elements needed to resolve the outstanding concerns relating to theV

In keeping with recommenda-
reliability of the TDI EDGs for nuclear service.7tc Northwest Laboratories (PNL) that certain
tions frors consultants at Pa
components warrant special emphasis in terms of maintenance / surveillance (M/S)
actions to ensure their adequate service, the staff incorporated key M/S
actions for these components as license conditions.

The TDI Owners' Group submitted a proposal in December 1992 (Reference 2)

along with supplementary information on December 7,1993 (Reference 3)recomending removal of the licensing conditions imposed in 1986 as part of a
technical resolution to address the so-called TDI diesel generator issues
identified in NUREG-1216.

Since 1985, more than 9000 hours of operation have been logged collectively by
Although a few problems have been found, the engine

,

components have generally perfomed satisfactorily, and the reliability of the
the TDI engines.

In addition, many of the surveillancemachines has been on an upward trend.
procedures that are in place have proved to be as effective as inspections for
identifying potential problems.

On the basis of operational experience and inspection results the Owners'
Group has provided information in its submittal reports (References 2 and 3)
to demonstrate that the special concerns of NUREG-1216 are no longerThe Owners' Group contends that the TDI EDGs should be treated on
warranted.
a par with other EDGs within the nuclear industry and subjected to the same3(V In

standard regulations, without the special requirements of NUREG-1216. addition, the Owners' Group asserts that this action will improve availability
of the engines for service, especially during outages', while maintaining
current reliability levels.

The NRC staff, with assistance from its consultants at Pacific Northwest
Laboratories (PHL) has completed a review of the operational experience and
inspection results contained in the Owners' Group submittal reports relative

In addition, independent assessments wereto the individual components.
obtained from three leading diesel engine experts regarding these inspection
requirements.

On the basis of this review, the staff's overall conclusion is that there is
adequate and defendable justification for removing the present component-
based licensing conditions, &1 that the criteria and methodology proposed by
the Owners' Group may be used to review all TDI components with inspection or
safety concerns.

The staff developed criteria for judging the advisability of changing the
All criteria were fulfilled asregulatory basis for the TDI engines.

discussed in Section IV of this safety evaluation.

O
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p)\ II. BACKGROUND

The three major elements of the technical resolution to address the TDI EDG
issues as discussed in the SER dated August 1986 (NUREG-1216), are summarized
below.

PHASE i PROGRAM

Phase I of the Owners' Group program focused on identifying and resolving
significant engine component problems that had potential generic implications.
Through an extensive review of T01 and other engine performance data in both

-

nuclear and non-nuclear applications, the Owners' Group identified 16
components with such problems. These were:

engine base and bearing caps*air start valve capscrews
engine-mounted electrical cables

*
econnecting rods high-pressure fuel injection tubing*
*connecting rod bearingsa

jacket water pumps*crankshafts*

piston skirts*cylinder blocks*

push rods*cylinder heads*
rocker arm capscrewsecylinder head studs*

turbochargersecylinder liners*

The Owners' Group recommended that problems with these components be resolved
before the TDI engines were placed into service to support full-power nuclear

To resolve the problems with these components, the Owners'n plant operations.
Group contracted with f ailure Analysis Associates (FaAA), Palo Alto,

I

California, and Stone and Webster Engineering Corporation (SWEC), Boston,
Massachusetts, to perform extensive design reviews. . Each component was Each
addressed by these consultants in one or more design' review documents.
design review report included, as appropriate, materials evaluations, load ano '!
stress analyses, fracture and fatigue analyses, and evaluations of required

On the basis of these reviews, the Owners'maintenance and surveillance.
Group arrived at conclusions regarding the basic adequacy of the 16 components
with known problems, and recomended actions that should be taken by the
engine owners.

Pacific Northwest Laboratories (PNL) was contracted by the NRC to assess the
PNL's assessment of the findings stemming from theOwners' Group findings. On the

Phase I program is documented in detail in PNL-5600 (Reference 4). '

basis of its assessment, PNL concluded that the Owners' Group had established fa technical basis for the licensees to qualify all of the components withPNL generaliy i
known problems (i.e., Phase I components) for nuclear service.
endorsed all of the Owners' Group recommendations pertaining to modifications.However, PNL
inspections, and maintenance / surveillance of Phase I components.
recommended some additional actions in these areas beyond those the Owners'

i
|

In addition, PNL and the staff concluded that five ofGroup had recommended.
the components warrant special emphasis in terms of needed load restrictions
and/or maintenance / surveillance to ensure satisfactory service of these
components.

O I
1G

!
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f) In Revision 2 of the DR/QR report, the Owners' Group (Reference 5) proposed, ,

V and the staff accepted, that a complete engine overhaul be performed at !

approximately 10-year intervals. Namely, the OR/QR report specified that one
engine / unit be disassembled and inspected at the refueling outage occurring
before the 10-> ear interval and the second engine at the refueling outage
occurring after the 10-year interval. For plants with three engines, the
third engine would be disassembled and inspected during the second refueling
outage after the 10-year interval. In addition, the Owners' Group later ,

proposed that a one-time inspection be performed at about five years. The 1

|one-time 5-year inspection generally involved the same components as the 10-
year overhaul inspection; however, only a sample of some types of components .'

(typically 25%) were inspected.

PHASE II PROGRAM
;

;

Phase II of the Owners' Group program proceeded beyond known problem areas to' |
systematically consider all components (approximately 150 to 170 component i

types per engine) important to the operability and reliability of the engines.
Phase II was intended primarily to ensure that significant new problem areas
do not develop in the future because of deficiencies in design or quality of ,

!
manufacture. The Owners' Group performed the Phase 11 design reviews and, as
was the case for Phase 1, recommended needed component upgrades and ,

udifications and component inspections to validate quality of manufacture 4

and/or assembly. A major element of the Phase II program was the preparation !

of a comprehensive engine maintenance / surveillance (H/S) program to beA |Q implemented by the individual owners.

Design reviews performed by the Owners' Group for engine components at one
plant were generally applicable to similar componente at other plants.
Similarly, quality revalidation inspections recomended by the Owners' Group
for engine components at one plant were generally applicable to similar engine
components at other plants, although the actual inspections were generally
performed by the individual owners. The OR/QR reports for the Shoreham OSR-48
engines and Comanche Peak DSRV-16-4 engines generally constituted the lead-
engine reviews. The reports were extensively referenced in OR/QR reports
prepared for other plants.

The staff's contractor, PNL, performed a detailed audit review of the OR/QR
reports for the Shoreham DSR-48 engines and for the Comanche Peak OSRV-16-4
engines. These PNL reviews are documented in PNL Reports PNL-5336 (Reference
6) and PNL-5444 (Reference 7), respectively. PNL found that the OR/QR efforts
fully met the intent of the Owners' Group program plan, which was to establisn
" reasonable af.surance of the ability of the T01 engines to provide reliable
backup power supplies for nuclear power plant service."

The staff concluded in its SER dated August 1986, (Reference 1) that
implementation of the Owners' Group recommendations in the Phase 11 reports
will be effective in improving and ensuring the design adequacy and quality of
the engine components and, hence, the reliability and operability of the TOI
engines at the various Owners' Group nuclear plants.
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(M
\J N INTENANCE/ SURVEILLANCE PROGRAM

The staff viewed the implementation of a comprehensive M/S plan to be a key
element of the overall effort to establish and maintain TOI diesel engine
reliability and operability.

As a result of its generic Phase I and Phase II component reviews, the Owners'
Group developed an M/S plan applicable to each member utility's engines. The
plan for each plant, which supplemented the existing TO! Instruction Manual,
was developed by the Owners' Group from (1) its detailed review of each
component's service history; (2) TOI Service Information Memoranda (SIMs) and
correspondence on specific components, and (3) the Owners' Group technical
reviews done during the Phase II OR/QR reviews. The Owners' Group recom-
mendations are documented in Appendix II of the OR/QR report for each plant.

The staff concluded in NUREG-1216 that the following elements constituted an-
acceptable program:

(1) the recomendations concerning operation, testing, inspection,
maintenance, adjustment, overhaul, and repair of the enaine as
incorporated in the TOI Instruction Manual, SIMs and TOI correspondence
on specific M/S issues .

(2) the M/S recomendations developed by the Owners' Group in Appendix II,
p Revision 2, of the OR/QR reports
d

(3) additional items required by the staff in individual plant license
conditions

The staff also specified in NUREG-1216 that each plant owner comit to an
acceptable M/S program, as identified above, before the staff issued final
plant-specific SERs addressing the final resolution of the TOI engine issues.

Typically, detailed steps of preventive M/S programs for such important
safety-related systems as diesel generators are not incorporated as part of
the plant license or the plant technical specifications. Accordingly, changes
to these programs are not normally subject to NRC staff review and approval.
In keeping with the PNL recomm9ndations as endorsed by the staff in NUREG-
1216, that certain components warrant special emphasis in terms of M/S actions
to ensure their adequate service, the staff included key M/S actions for these-
components as licenses conditions.

!!I. DISCUSSION

in its submittal reports of November 30, 1992, and December 7, 1993
(References 2 and 3), the Owners' Group is proposing that the current
prescriptive M/S requirements, including a specified overhaul frequency, be
removed as a license condition and the licensees be allowed to determine when
an overhaul is cequired and how it will be conducted. The Owners' Group is
presently developing a generic diesel management program in conjunction.with

gs the manufacturer which incorporates predictive maintenance techniques based c-
a combination of inspections, monitoring, and trending. The Owners' Group,
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proposes to use this generic diesel management program in lieu of the current
,

~v maintenance / surveillance requirements.

On the basis of the substantial operational experience of the TOI EDGs
accumulated since 1985 and the inspection results of the EDG components, the
Owners' Group has provided information in its submittal reports of November

and December 7,1993 (References 2 and 3) to demonstrate that the30, 1992, The Owners' Group has
special concerns of NUREG-1216 are no longer warrantad.
recomended removing the license conditions rehtd to EDG component
inspections involving teardowns and surveillance requirements.

The Owners' Group has analyzed the need for engine overhauls in accordanceTheir analysis and conclusions are basedwith the current OR/QR requirements.
on an understanding of the historical concerns for each component affected by
the overhaul and the results of extensive inspections performed by the

The information in its submittallicensees who make up the 701 Owners' Group.
reports includes component description, component identification number per
the OR/QR Appendix !!, " Preventive Maintenance (PM) Task Description," the
manuf acturer's replacement / overhaul recommendations, the number of engine
hours run between inspections or cumulative engine hours, number of engine
starts, inspection findings, and the percentage of all components in service

The results of the inspections compiled by thecovered by the inspections.
Owners' Group in its submittal reports (References 2 and 3) indicate that most
teardowns have shown little or no wear on internal. engine components.
However, with continuing operation, it is possible that problems could occur
with specific components which could require inspection or overhaul ofp) The Owners' Group is proposing that such actions be-, affected components.
determined on a case-by-case basis, and that inspections or overhauls be

'

performed so that engine reliability and availability' are maximized. 'The
Owners' Group contends that the primary purpose of EDG 10-year teardown
inspections is to document the condition of the specific components, not to
replace components, since most components being inspected show little or no

However, as a matter of good maintenance practice, these components
are generally replaced after a teardown inspection, regardless of condition.
wear.

These teardowns can result in reassembly errors or entry of foreign materials
resulting in increased wear or decreased engine reliability.

The Owners' Group believes that an overhaul will be needed during the life of
these engines as they are currently operated. However, due to the limited
number of run hours and the availability of periods to perform major teardowns
the licensees need the flexibility to determine when an overhaul is required
and how an overhaul is conducted.

The Owners' Group contends that some of the early concerns with EDG components
were caused by the deleterious effects of the fast starts and loading of EDG'.

The Owners' Group notes that the life expectancy of mostin nuclear service.
engine components in commercial service, which are not subject to fast starts,
is f ar greater than the estimated life of EDG components in nuclear service
based on early data.

All licensees have the authority to delete fast-start and loading requirements[] on the basis of Generic Letter (GL) 84-15, and are comitted to doing so.V
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However, some licensees have not taken this step for a number of reasons.U
First, many engines have control systems which will not allow a slow start.
The necessary changes in such control systems are currently being implemented.
Second, some of the TDI licensees want to consolidate all changes for a
particular technical specification (TS) to lessen the impact on the licenseeThe staff isand the NRC workload resulting from a TS change request.
currently preparing a GL addressing the requirements for accelerated testing
of emergency diesels. Most licensees are waiting for this GL to be issued
before requesting a change to their TSs which would include a request for the

Once the slow start option is implemented anddeletion of the fast starts.
accelerated testing is eliminated, engines at nuclear plants will be operated
similarly to those in comercial service, and the expected life of components
in engines at nuclear plants should compare favorably with comercial engine

The data from engines in nuclear service which have implementedcomponents. Since the manufacturer'sthe slow-start option supports this contention.
recomendations for comercial operation of TDI/EDG components prior to
overhaul indicate that there are substantial safety margins available,
appropriate changes can be made in M/S requirements based on realistic
estimates of component life expectancy, and flexibility can be achieved in the
frequency of performing teardown inspections.

The Owners' Group, in its submittal reports, has also discussed the need for
flexibility in scheduling teardown inspections from the standpoint of shutdown

According to the Owners' Group, the 'availablerisk management (SRM).
windows' of outage time of sufficient length to allow engine teardowns and/orG The "availableoverhauls are being shortened because of SRM requirements./d window" during which a diesel can be removed from service for maintenance
depends on a number of factors, including plant design, availability of
alternate power sources, fuel handling schemes, and other operational,

These factors cause the "available
maintenance, or inspection requirements. Typically, the 'available window' iswindow" to vary from outage to outage.
between 10 and 21 days; however, SRM programs have compressed this " window" by

As a result of this shortening of "available windows,' allas much as 20%.
plants need maximum flexibility in scheduling EDG maintenance activities
(i.e., schedule major diesel work during times when longer ' windows' are
available without impacting overall outage length). Time-directed
teardowns/ overhauls do not allow this flexibility. The Owners' Group is
proposing a generic diesel management program which combines predictiveThe Owners' Group contends thatmaintenance, surveillance, and inspection.
with this program, considerable flexibility can be achieved in the frequency
of performing teardowns and/or overhauls without sacrificing engine

.

reliability. I

Typical components that are inspected or replaced or both during an engine
overhaul are turbochargers, main bearing caps / studs, cylinder blocks,
connecting rods / bearings / bushings, cylinder heads, push rods, lower cylinder
liner seals, base assemblies, crank shafts, cylinder liners, pistons / rings,

Problems withfuel injection tubing, and rocker arm capscrews/ drive studs.
these components resulting from the intrusive inspections could certainlyDisassembly of these |
limit or preclude the engine's acceptable power output.
components can result in the accidental introduction of dirt nd other foretgrn

(s) materials that may harm the engine. In addition, these components are
!

|

'
_____
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assembled with a precision fit of the mating surfaces. Disturbance of these
fits can cause different wear patterns to develop, resulting in accelerated
wear and a shortened component life.

The operational data and the inspection results for the key components are
reviewed in Appendix A. The Owners' Group assesses that these components can
be expected to operate for the 40-year life of the plant without failure. The
Owners' Group diesel management program contains a comprehensive list of
engine and auxiliary system parameters to be monitored and trended. This
diesel management program offers guidance on the monitoring frequencies,
normal operating ranges for the various parameters, alert levels, and
corrective actions. The licensees will monitor and ^. and data collected
during engine runs and standby conditions to determine the overall operational
readiness of the engine. Should the monitored data indicate that a potential
problem exists, additional tests and evaluations would be conducted which
could result in teardown inspections or component replacement or both. It iss
the intent of the Owners' Group diesel management program to detect problems
and correct them before they affect the ability of the engine to perform its
design function.

RECOMMENDATIONS OF THE EDG EXPERTS

The staff solicited independent assessments from three EDG experts of the
operational experience and inspection results contained in the Owners' Group

Q submittals (References 2 and 3). The experts who participated in this review
(V are Paul Louzecki, Adam Henriksen, and B. J. Kirkwood.. Together, they

represent well over 100 years of large diesel engine experience. They were of
the opinion that there were no adverse trends in the data obtained from the
inspection results, and that the Owners' Group submittals represented adequate
understanding of inspection and maintenance needs. On this basis, they
thought that consideration of realignment of the TDI engine regulatory
requirements to those considered normal for such equipment was a positive
action. The recomendations offered by the EDG experts and the staff's
evaluation of specific recomendations is sumarized in Appendix 8 of this
report.

IV. EVALUATION ,.
i

The staff, with assistance from its consultants, developed specific criteria
to guide the review process and evaluate the adequacy of the rationale for the
removal of component-based license conditions. The criteria consisted of the i

'

fnllowing five elements:

Adequate justification should exist for changing applicable license j
*

conditions for the TOI engines. |
|

Since the original regulatory issue was improvement of TDI engine*

reliability, the current TOI engine reliability should be equal to or
better than the industry average.

A
U
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8ecause specific surveillances/ inspections were imposed by regulation to
f] ensure that acceptable engine conditions were being maintained, the

*

C inspection results should not identify unacceptable findings.

The Owners' Group should have an alternative diesel management program*
with elements that are judged by the regulatory staff to be reasonably
and equally effective compared to current license requirements in
maintaining diesel reliability.

The underlying source or technical basis for the proposed regulatory*

change should be justified by authorities and expertise equal to that
which determined the current regulatory requirements.

As discussed in the following paragraphs, all five criteria have been
The current 101 engine reliability was found to be equal to orsatisfied. In the period between January 1990 andbetter than the industry average.

December 1992, the median reliability of TOI diesels was found to be 0.9906.
This is about 1% better than the nuclear industry average, and well above
NRC's highest goal of 0.975.

Specific surveillances/ inspections were imposed by HRC regulations to ensureA review of thethat acceptable T01 engine conditions were being maintained.
operational database and the inspection results for the key components, as
discussed in Appendix A, show no unacceptable findings. In fact, most -

inspections did not uncover any signs of wear or degradation that need to be
addressed,q

b NRC-sponsored research (Reference 8) has indicated the potentially negative |

|consequences of intrusive inspections on components and engine reliability as '

In a study of failures related to aging', aa result of current practices. ifailure curve, sometimes called the " bathtub" curve, correlates the change in )The beginning segment of the curve represents a " wear-failure rate with age.
in" portion, with a higher failure rate associated with many pieces of new

Once the machinery is broken in, the failure rate is at its lowest- ,

equipment.
and remains constant for a period of time. As the machinery wears and reaches |

the end of its lifetime, the failure rate increases. The challenge is to
!

On I
.

determine the time scale for these regions for each piece of equipment.
the basis of these studies, it is generally believed that the diesel ergine's
reliability is considerably lower during the " wear-in" period, and some
engines may be on the lower end of the acceptable range of reliability, during
the " wear-in" period of operation.

|
Some of the early concerns with EDG components' were due to the deleterious
effects of. fast start and loading of EDGs in nuclear service. Component life
expectancy in commercial TOI engines which are not. subject to fast starts is
far greater than life expectancy for TOI engine components in nuclear service.
Although the f ast-start requirements have been relaxed on the basis of Gl. 84-
15, not all licensees have implemented the changes in the EDG control system

All members of the Owners' Group are committed toto permit slow starts. The staff is also addressing
implementing these changes in the near future.
the issues related to accelerated testing in a generic letter to be issued

Once the slow start option has been implemented and acceleratedshortly.

4b
||
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O |testing has been eliminated, nuclear service engine operation will moreV
closely match that of engines in comercial service and the expected component '

i

life for TDI engines in nuclear service should compare favorably with
comercial engine component life. The data from engines in nuclear service
which have implemented the slow-start option supports this contention. A

review of the manufacturer's recommendations for comercial operation of
TOI/EDG components before overhaul indicates that there are substantial safety |

The staff concurs |margins available for most components in nuclear service.
with the Owners' Group recomendation that by combining predictive
maintenance, surveillance, and inspections, as in the proposed generic diesel I

management program, considerable flexibility can be achieved in the frequency
of performing engine teardowns and/or overhauls without sacrificing engine
reliability. |

.

|The Owners' Group contends that the "available windcws" of outage time of
sufficient length to allow engine teardowns and/or overhauls are beingAs a result of this shortening ofshortened due to SRH requirements.
available windows, all plants need maximum flexibility in scheduling EDG

The adoption of a predictive maintenance program formaintenance activities.
EDGs as proposed, in lieu of the current time-directed teardown / overhaul
requirements would give the licensee this flexibility without jeopardizing

]
.

engine reliability.
The Owners' Group has requested the removal of inspection requirements from ;

iThe Owners' Group proposes to continue appropriatethe license conditions. If] inspections; however, scope, inspection schedules, and especially the amount
|V of intrusive inspections involving disassembly would be changed to maximize

EDG availability and reliability. Inspections would.be planned to respond to |

monitoring and trending results and where othei maintenance activities make !

the component accessible, such as in response to failures of nearby components |Theor where monitoring is indicating an end of_ component life conditions. |
Owners' Group will continue appropriate inspections, especially those not
involving engine disassembly. Inspections will be defined and included as j

'

Elementspart of a well-managed engine program currently under preparation.
of correct engine management have been reported previously to the NRC and
industry (References 8 and 9). Key features of an EDG management program,
acceptable to the staff (see Appendix C of this safety evaluation) have been

,

The Owners' Group agrees that !

discussed and provided to the Owners' Group.
each member would adopt the group's proposed generic management program,
resolution, or mitigating actions, and that all actions are intended to be ,

l

acceptable to the manufacturer.

Finally, the underlying source or technical basis for the proposed regulatory
change is equal in expertise to that which was-responsible for recomendingThe TDI Owners' Group, with support fromthe current regulatory requirements.
the manufacturer, was instrumental in preparing the technical basis for the
original regulatory conditions :n NUREG-1216.

|

V. OVERAll. CONCLUSIONS

O The staff, with assistance from its consultants and recognized diesel engine
'

g experts, concluded that the regulatory requirements on TOI engines may be

.-_ - --_-__-___ __ -_- - _ -- - .--
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Vp reconsidered at this time. This conclusion is based on a review of the
-

'

current reliability data of the TOI engines, the Owners' Group inspections of
the last several years, and the opinion of experts who have experience in the

The staff believes that the TOIdesign and operation of large diesel engines.
Owners' Group, like any other owners group, must address the unique
maintenance needs for its specific engine to keep the reliability factor

With a current median reliability of 0.9906, the TDI Owners'acceptable.
Group, and its individual owners, seem to fully understand the maintenance

The staff further believes that there is sufficientneeds of this engine.
information in the Owners' Group submittal reports to conclude that TOI engine
operation at authorized loads is acceptable under normal NRC regulatoryThe staff and its consultants, in their review
oversight procedures for EDGs.
of the TOI submittal reports and the operational database, did not uncover any

Individual reports from recognized experts endorsenew concerns or issues. The
many of the TOI engine management practices, inspections, or precautions.
Owners' Group intends to incorporate most of tne inspections and precautions
from the current M/S requirements in its generic diesel management program and
appropriately supplement these inspections with alternate condition monitoring

All members of the Owners' Group are committed to iglement thisprocedures.
diesel management program.

The key features of a maintenance program which the staff finds acceptable areThe staff has revieweddelineated in Appendix C of this safety evaluation.
the preliminary version of the diesel management program, which the Owners'The staff finds
Group is proposing in lieu of the current M/S requirements.The proposed maintenance[-] the principal elements of this program acceptable.

program is in conformance with the requirements ir: Regulatory Guide 1.160," Monitoring the Effectiveness of Maintenance at Nuclear Power Plants," dated
b

June 1993, which endorses NUMARC 93-01 dated May 1993, " Industry Guide for
Monitoring the Effectiveness of Maintenance at Nuclear Power Plants."

Accordingly, the staff has concluded that the license conditions related to
the periodic M/S program (see Appendix 0 of this safety evaluation) for
certain components (see Appendix E of this safety evaluation) which were
imposed on the licensees based on the recommendations in NUREG-1216, beTherefore, the detailed steps of the preventive M/S
removed at this time. However, the

programs will not be subject to NRC staff review and approval. staff believes that future revisions of the M/S program would be subject to
the provisions of 10 CFR 50.59 (Code of Federal Reculationsi_ in view of the
importance of the M/S program in ensuring the operability and reliability of

The staff will require that the owners of each plant comit to
the current M/S program in the interim period preceding the implementation of
the engines.

the generic diesel management program currently under development inThe transition from theassociation and agreement with the manufacturer.
current M/S program to the generic diesel management program could beThe 15 requirements of
accomplished under the provisions of 10 CFR 50.59.
subjecting the diesel to an inspection in accordance with procedures prepared
in conjunction with its manuf acturer's recommendations for the class of
standby service would continue to remain in effect, similar to the TS

>

requirements on other EDG manufacturers.
;
i
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APPENDIX A

b SUMMARY OF OPERATIONAL EXPERIENCE AND INSPECTION RESULTS
OF EMERGENCY OlESEL GENERATOR (EDG) CCMPONENTSU

The operational data and inspection results of key EDG components compiled by ,

the TOI Owners' Group are sumarized below. |

.

Base Assemblies

!In the original TOI Owners' Group review of the DR/QR report, it was
determined that adequate factors of safety exist in the design of this |

component. Problems with this component were reported in non-nuclear service |

engines and were the result of inadequate bolt preload and, in one case, |

marginal strength due to an inferior quality casting. Subsequent testing i

and/or inspections.have been made by the owners to confirm that castings in |'

service are of acceptable quality. In addition, steps have been taken to
ensure adequate bolt preload.

The Owners' Group submittal reports cited 52 inspections representing 90% of
the total population of base assemblies. The total (average) hours logged in
EDG operation is 900 and the average number of starts is 400. No problems
were noted from the inspections.

These inspection results, coupled with previous Owners' Group analyses, show
that tne base has a life expectancy of more than 40 years. The staff, and its
consultant at PNL, concluded in Reference 4, Section 4.12.3.2.1, that the
components of the base assembly have sufficient strength to operate at full
load, provided the base casting and bolting components meet their nominalg

'

material and dimensional specifications, and the bolt torque specifications
are maintained. As noted above, sufficient inspections / tests have been
completed to indicate that the casting and bolt specifications are adequate.
On this basis, the Owners' Group concludes that eliminating time-based
inspections of this component is appropriate. Similar experience with non-
nuclear engines shows a life expectancy in excess of 40 years. The Owners'
Group diesel management program will have provisions for monitoring the
condition of the base assembly. Visual inspections during normal operation,
as well as during startups and warmups, would indicate if the base assembly is ,

properly anchored and torqued. In addition, a change in the vibration
measurements would indicate potential problems with this component.

Main Bearino Caos/ Studs

Concerns about the main bearing caps / studs were initially raised by the cracks
Theobserved in the bearing cap stud holes at the Shoreham plant in 1984.

cause of this problem was related to the stud removal method (Reference 4,
Section 4.12.3.2.1). After corrective actions were implemented, cracks have
not been observed in subsequent inspections.

The Owners' Group submittal reports cited 108 inspections of caps, studs, and
nuts, which is 50% of the components currently in service. The total
(average) hours logged in EDG operation is 1,000 and the average number of

A-1
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All inspections were conducted with at least 600 hours ofstarts is 490.A number of inspections have been performed on engines with more
() operation. No problems were noted during thesethan 2.000 hours of operation.

On the basis of the high safety f actors and favorable inspectionV
inspections.
results, the Owners' Group concluded that these components should not require

Manufacturer informationoverhaul for the 40-year life of the plant.
indicates that this ccmponent in non-nuclear engines has a life expectancy in
excess of 40 years.

Early indication of main bearing caps / stud problems will be obtained by
monitoring several parameters which include hot and cold crankshaft web
deflections and amount of wear particles in engine oil.

QSR-48 Series Enoines--Crankshafts
The EDG

The only utility with the DSR-48 engine is the River Bend station.
engines at River Bend have crankshafts with the same dimensions as the
replacement shafts at Shoreham. However, because of differences in the
generators and flywheels between the two installations, resulting crankshaftA complete analysis of the Shorehamtorsional stresses are different.
replacement crankshaft has shown that it has a fatigue life in excess of 40Comparison of the
years under nuclear service operating conditions. crankshaft torsional stresses in the Shoreham engines at an operational load
of 3300 kW to the torsional stresses in the River Bend engines at an *

operational load of 3130 kW shows that the torsional stresses are equivalent
at these respective loads. Therefore, the River Bend engines have been
derated for nuclear service. The Owners' Group and PNL analyses indicate a

O' projected fatigue life in excess of 40 years for the River Bend crankshafts at'v loads under 3130 kW (Reference 4, Section 4.6.7.2).

A significant number of fillets, oil holes and journals have been inspected on
i

i
The inspections were conducted with over 700 hours in EDG !the OSR engines. The River Bend engines have been

operation and 270 starts with no problems. On the basis of i
derated and are operated at less than 3130 kW at all times. (previous analyses conducted by the Owners' Group and PNL (Reference 4, Section
4.6.7.2), engine operational power limits and the inspection results, the j
Owners' Group believes that overhaul of the River Bend crankshafts should not

Manufacturer information 'en j

be required for the 40-year life of the engine.
non-nuclear engines indicate a life expectancy in excess of 40 years for the
crankshaft. '

The Owners' Group diesel management program will have provisions for
monitoring several parameters which would give an early indication ofThese
potential problems and the need to perform teardown inspections.
parameters include hot and cold crankshaft web deflections, amount of wear
particles in engine oil and vibration amplitudes.

05RV-16 Crankshaft

The DSRV-16 crankshafts at each site have been independently evaluated to No
determine the impact of torsional stresses on the life of the component.The Owners' Group analyses
problems have been identified with this component.

\_.) A-2
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(Reference 4, Section 4.7) indicates a fatigue life in excess of 40 years for
.

I

) these components.

- (G
Approximately 25% of the oil holes, fillets and journals have been inspected

!

|
on the DSRV-16 crankshafts. The minimum number of hours.of engine operation
at inspection was more than 700, while several inspections were done on |

engines with more than 2,000 hours of operation. More than 70% of the engines !

are already operating in a region of the fatigue curve, where imposition of
;

additional stress cycles is no longer a concern. Based on operating power
i

limits, calculated fatigue life in excess of 40 years, and the positive
inspections conducted with significant operating hours, the Owner Group
concludes that this component would not be expected to require an overhaul
within the 40-year operating life of the engine.

!
As stated earlier, the Owner Group diesel management program will require
monitoring and trending of several parameters which would give an early
warning and need for a teardown inspection of this component.

Cylinder Blocks

A thorough design review of this component was completed during the initial
This review indicated that some castings fabricated during the

DR/QR review.
period when the Owners' Group engines were manufactured could contain

Widmanstaetten graphite is an inclusion that weakensWidmanstaetten graphite. '

the grey iron casting. It was shown that blocks containing this material have
However, it was also shown thata greater potential for developing cracks.

should these cracks develop for any reason, they would not affect the block's

Q] ability to perform its intended design function. Analyses indicated that/

cracks would tend to arrest without impacting the block performance. However,
if the worst case scenario of crack propagation is assumed, it was shown that
the water flow would be to the block exterior. This degradation would not
impact engine performance and would be readily detectable. A cumulative
fatigue usage index formula was developed and an inspection frequency wasThe Owners' Group and PNL concludedestablished based on that usage factor.
in the earlier reviews that "If cumulative results of these inspections over
several power plant fuel cycles show that one or more of the inspections
reveal nothing of significance, the scope and frequency of the inspections
could be reconsidered" (Reference 4, Section 4.9.5.2).

All engines currently in nuclear service have had block top inspectionsNo block cracking has been
performed with 600 hours or more of EDG operation.
identified. On the basis of design analyses of engine blocks which indicate
that cracking will not impact EDG performance and inspection results of
engines with significant accumulated operating hours, the Owners' Group
expects that this component will operate for the life of the plant without
overhaul. Non-nuclear experience with this component indicates a life

The Owners' Group diesel management programexpectancy in excess of 40 years.
has provisions to monitor potential crack growth via nonintrusive techniques,
such as tracking the frequency of Jacket water and lube oil makeups, and
looking for signs of contaminants in lube oil and jacket water.

n' A-3L
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DSRV-16 Articulated Connectina Rods

[)
Problems have been found on OSRV articulated connecting rods with 1-1/2-in, i

\ bolts. These problems were discovered before the DSRV engines were used in
nuclear service and during the early startup periods of the nuclear engines.
The root cause of these problems was determined to be inadequate connecting
rod bolt preload. To address this concern, the Owners' Group utilize assembly
procedures which accurately verify connecting rod preload (stretch or torque
measurement techniques). These preload measurement methodologies have been in
use during past inspections. Since the implementation of these methodologies,
no connecting rod problems have been reported.

TDI engines at one plant are furnished with 1-7/8-in. bolts in the connecting
rods. Analyses indicate that bolt stresses are satisfactory as long as the
bolts are properly torqued and the engine operating load is limited so that
connecting rod stresses remain below the fatigue initiation curve. Operating
load for this engine has been limited to ensure that this condition is met.
Preload measurement is also used to ensure proper bolt loading. There are 144
pairs of articulated connecting rods in service in 18 engines.

Extensive inspections of the connecting rods have been conducted without
uncovering any problems. Several engines had logged more than 2,000 hours of
EDG operation at the time of the inspections. All licensees have implemented
the use of preload measurement techniques. For the 1-1/2-in. bolts, adequate
margin against failure has been shown to exist at engine design load. The one
utility with engines using the 1-7/8-in. bolts has instituted engine operating
load limits to ensure that fatigue failure is precluded. On the basis of the

[V_}
design margins, the use of preload measurements, an operating load limit for |

engines with 1-7/8-in.. bolts and the inspection results, the Owners' Group
expects this component to last in excess of 40 years without overhaul.
However, the Owners' Group will verify preload whenever a connecting rod
assembly is replaced or overhauled.

Non-nuclear users typically run engines 50,000 hours before replacing of this
component and 35,000 hours before replacing the rod eye bushing. The Owners' i

Group diesel management program will have provisions to monitor this component
through several means. Oil analysis will be performed to detect the presence
of wear metals indicating abnormal bearing / bushing wear. Engine analyzers
would be utilized to gain information about abnormal functions of cylinder l
power components including connecting rods.

Pistons / Rings
1

All nuclear users have installed the AE model piston skirts. These piston
skirts have previously been qualified at the rated engine load and have been
validated for their fatigue life on 13 of the 20 engines in service. PNL |

concluded in an earlier analysis (Reference 4, Section 4.16.3) that the AE :

model piston skirts are adequate for service at their rated load and overload l

conditions. There are currently 304 pistons in service in 20 engines and 91
inspections have been performed. The average run time of EDGs preceding
inspections is 800 hours and the average number of starts is 500. The
inspections revealed no problems. This represents 25% of the total population
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of pistons inspected. Pistons and rings have been one of the more reliable

p] components in nuclear service. Some inspections have been conducted with more
Inspections have revealed no stress- or wear-than 2,000 hours of operation.

On the basis of the number of hours logged in service, therelated concerns.
favorable inspection results, and the design margin, the Owners' Group expects
that the AE piston skirts and rings would last the 40-year life of the plant.
Non-nuclear users typically run engines 60,000 hours prior to replacing
pistons and 20,000 hours prior to replacing rings.

The Owners' Group diesel management program will have requirements to monitor
several parameters that would detect the need for an overhaul, or for
intrusive inspections if problems develop. These parameters include enginc'

compression, firing pressures, and crankcase pressure.

Cylinder Heads

Cylinder heads for the 05R-48 series and OSRV-16 series engines are similar inCylinder heads are grouped in -

design and are addressed as one component.These groupings identify threethree categories, Group I, II, or III.
distinct periods of design and design /f abricatior. control. These periods are
marked by changes in the casting and fabrication of the heads and in the weld
techniques used to repair the heads. Some of all three groups of heads remain
in nuclear service today, pHL, in an earlier review, endorsed the Owners'
Group findings and concluded that all groups of heads are adequate for their
intended service (Reference 4, Section 4.10.3.3). Any cracks which develop
would not be detrimental to engine performance. Water flow from a crack would
be to the exterior of the engine, this flow would be readily detected andg I

.t y would allow the head to be repaired or replaced. As an added precaution
-

against cylinder head cracking, air rolling of the engine with the indicator
ports open is used at all sita to check for potential wattr leakage.An earlier 10Cylinder head cracking or water inleakage has been observed.
CFR Part 21 notification regarding leakage through a small thinned area has ,

been evaluated by the staff and a program to address the problem has been |

implemented. This is documented in the response to the notification. There |
j

are currently 304 heads in nuclear service on 20 engines,
fThe average operating hours onThis component has been extensively inspected. |

the cylinder heads is 1,000 and some heads have operated for more than 2,000 |
No cylinder head cracking has been identified, which has caused a losshours. On the basis of the large number of operating hours,of engine performance.

and the favorable inspection results, the Owners' Group expects this component
to last the 40-year plant life without needing overhaul. Non-nuclear users |

typically run their engines 35,000 hours before overhauling this type of
component.

The Owners' Group diesel management program wt;i /equire monitoring and
trending of several parameters which would detect problems with.this component -
and the need for further inspections. These include cylinder exhaust

In addition, a number of
temperatures, compression, and firing pressures.
visual inspections and tests would be performed periodically to detect
problems with this component.

O
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F [uel iniection Tubino
\

' A 10 CFR Part 21 notification was issued by the vendor on July 10, 1983,
alerting TDI diesel engine owners and the NRC to a condition that may cause
the tubing to fail. This condition results from a draw seam that acts as a
stress riser on the inner surface of the tube. The draw seam is induced
during the drawing phase of the manufacturing and generally will extend over
most of the length of the tube and is readily detectable. On the basis of an
analysis of the structural strength of the tubing, it was determined that the
tubing is acceptable as long as no preexisting flaws greater than 0.0054-in.
in depth existed. This prompted the recommendation to test the tubing for

Thepresence of cracks or to install shrouded tubing which has double walls.
reasons for the concern are the potential for fire resulting from a broken
tube or a high-pressure fuel oil leak.

On the basis of the service record of this component and the ease of
inspecting for leaks during operation, this component need not be overhauled.
However, life of each fitting and tube assembly cannot be assured over the 40 '

Theyear life because of vibratory loads or wear and tear during maintenance.
Owners' Group is proposing periodic inspections to monitor tubing for leakage
and repair as required. Commercial engine life for this component is
approximately 35,000 hours.

Push Rods

Major problems with this component resulted from a previous TOI design whichp) is no longer in use at nuclear facilities. Nuclear engines currently employ
y the friction-welded design. The performance of this design in nuclear service

An Owners' Group evaluation indicates that there arehas been excellent.
acceptable factors of safety against failure due to fatigue or buckling for
this component.

No problems have been identified since replacements were made with push rods
incorporating the friction-welded design. On the baris of the design margins
for this component, significant number of operating hours, and number of
inspections, the Owners' Group expects this component to achieve the 40-year
life without failure. Non-nuclear users typically run engines for 100,000

The Owners' Group diesel management program willhours before replacing them.
require monitoring and trending of several parameters which would detect
potential problems with this component and the need for further inspections.

Rocker Arm Caoscrews/Orive Studs

During the initial DR/QR process, the Owners' Group determined that capscrew
failures had occurred on an isolated basis. Failures had been caused by

The Owners' Group performed a detailedinsufficient preload on the capscrews.
design review of the compontnt to ensure that the appropriate stresses are

The Owners' Group and PNI. concluded in Reference 4,within allowable limits.
Section 4.18.4.3, that "If the rocker arm capscrews are installed with the
proper preload, they should not require any M/S until they are removed for
other reasons."
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The Owners emphasized eliminating the cause of the original capscrew failures.
|
'

73 Capscrew installation procedures have been modified to ensure proper preload,On the basis of theV which was identified as a cause for the early f ailures. ;

inspection results and the adequate design margins identified, the Owners' i
Group does not expect these components to need replacement during the 40-year I

life of the plant. These components are accessible with the subcovers removed
and can be visually inspected. The Owners' Group diesel management program .i

|

will have requirements for periodic inspections. 1

Lower Liner Seals

The lower liner seals consist of elastomeric 0-rings that form a seal between
the liner and block assembly. This seal prevents engine coolirig water or

The seals are made of Viton, anjacket water from mixing with lube oil. Thereelastomer that has an excellent record of service in such applications.
are three seals for each cylinder which provide multiple barriers in the
unlikely event that one of the seals fails.

Currently, these seals are replaced on a time-dependent basis. Monitoring the
oil and jacket water levels gives an alternate means for determining if these
seals need to be replaced. A significant number of inspections of these seals

In addition, the multiple seal design giveshave revealed no degradation.
added protection against seal failure which could impact engine performance.
On the basis of the failure monitoring capability, the multiple seal design

.

feature and favorable inspection results, the Owners' Group does not expect
the lower liner seals to need replacement during the 40-year life of the plant
unless the liner is removed for other reasons. This conclusion is also('mj

e
The Owners' Group

supported by the vendor's non-nuclear engine experience.
diesel management program will have provisions for monitoring the condition of
this component.

Turbocharaers

Problems associated with turbochargers have been related to bearing wear andTo address bearing wear
damage to the stationary vanes due to vibration.
issues, the licensees have installed drip and full-flow prelubrication

TFese systems lubricate the turbocharger bearings during standbysystems. In addition, the Owners' Group oilconditions prior to planned starts.
sampling program is a means of detecting metallic particles that would be anFinally, inspection results indicate (Table
early indication of bearing wear. Reference 3) that significant bearing wear has not1. Component MP-022/023,
affected turbocharger performance.

Four 101 engines have experienced failure of a stationary vane at theThis condition was found on two of these engines as early.turbocharger inlet. The Owners' Group, and its consultants.as 1984 in the original DR/QR review.
Failure Analysis Associates, determined the failures to be caused by high-

This fatigue results from the pulsations created by the. enginecycle fatigue.
exhaust during operation as the gases pass through the turbocharger inlet areaThese failures, in all cases, resulted into drive the rotating vane group.
the stationary vane being reduced to small pieces and passing through the
rotating vanes of the turbocharger with no impact on the turbocharger or
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engine performance. Subsequent inspections following the loss of the-,

( sta'tionary vanes revealed only small pits in the rotating vane group that''

required minor refurbishment and balancing. The Owners' Group discussed this
with the NRC staff and its consultants in a meeting in January 1985 and
concluded that no further action was required to qualify this component. This
conclusion remains valid as subsequent inspections have revealed no
information that would invalidate this conclusion.

The Owners' Group has determined that periodic overhauls of the turbocharger
are required. The inspection of 38 turbochargers provides a well-documented
basis for determining the appropriate overhaul frequency. These inspection
results, coupled with an understanding of the impact of bearing wear on engine
performance, installation of prelube systems to limit wear, and the
availability of effective monitoring techniques will allow the TDI licensees
to determine when turbocharger overhaul is required. In general, the data
would indicate an overhaul frequency of once every five years. Similar data
for non-nuclear engines show a need to overhaul turbochargers every 8,000 to
10,000 hours. The Owners' Group diesel management program will require
monitoring and trending of parameters which would provide an early warning and
need for an overhaul if problems develop. Cylinder exhaust temperatures would
be monitored to assure that operation above the design temperature limit of
the component does not occur. Sustained operation above this limit could
result in degraded performance. Vibration monitoring and variances in base
line information would indicate an out-of-balance state resulting in premature ,

bearing wear and other problems. Measurement and tracking of the thrust
bearing wear will indicate remaining life of the bearing.

U

i

|

Id ..
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APPENDIX 8

p/
SUlHARY OF RECCMMENDATIONS BY THREE O!ESEL GENERATOR EXPERTSi"

!

Three recognized diesel experts, Messrs. Paul Louzecki, Adam Henriksen and
8.J. Kirkwood participated in a review of the operational database andA sumary of their
inspection results submitted by the Owners' Group.
recomendations and staffs evaluation of the recomendations are as follows:
Mr. Paul Louzeckt offered these specific recomendations:

authorized loads for thePower output should be maintained at currently
River Bend station because of torsional vibration considerations and

*

Grand Gulf because of connecting bolt size.

TDI engines have experienced water pump problems due to torsional
The Owners' Group should inspect / replace / refurbish*

vibrations and wear.
these pumps on a schedule that will avoid failures. Design changes may-
also be considered.

Connecting rod bolts on the 16 cylinder engines, should be checked for
tightness every other refueling outage as part of the TDI Owners' Group

*

program.

Since TDI engines do not have many accumulated hours, even after IG
years in nuclear service, compared to more normal service engines, with

*

correct monitoring and supporting program elements, it seems unnecessary(q) to have mandatory overhauls at 10-year intervals's

The staff evaluated Mr. Louzecki's recomendations and determined that theyThe power
have been factored in the Owners' Group diesel management program.
outputs at the River Bend and Grand Gulf stations will continue to be
maintained at the currently authorized loads.

Mr. Adam Henriksen offered a specific recomendation concerning the management
of engines that exceed power ratings by more than insignificant time / powerHe recomended aparameters or that operate at critical torsional conditions.
750-hour operational run to verify absence of new fatigue sensitivity due to

He also noted that as each unit completes 750 ho'ursthe abnormal operation.
of operation, crankshaft and other fatigue-based inspections could be
eliminated.

In addition, Mr. Henrikson offered the following:

Deterioration of the 0-ring seals between the cylinder liner and the
engine block is a special consideration in establishing the correct

*

This deterioration is primarily a function of timeoverhaul period.
and, to some degree, it may be affected by excessive piston impact.
Pulling samples of liners to determine the 0-ring condition is the only
means for monitoring its condition in considering an extension of the .

Within the current 10-year period, this seal is notoverhaul period.

Y(3 8-1 |

|
,

_ _ _ . _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _



expected to leak. In this application of static 0-ring service,
_l I considerable elasticity can be lost before leakage becomes a danger.m

G
Connecting rod bolts should be checked for tightness every five years*

as part of the TOI Owners' Group program.

In addition to maintaining the surveillance requirements outlined in*

NUREG/CR-5057, cylinder compression, maximum pressures and cylinder
leak-down testing (cold engine) should be checked during refueling
outages.

The staff concurs with Mr. Henrikson's recomendations concerning the
management of engines that exceed power ratings. The Owners' Group diesel
management program will have comparable requirements to verify that
abnonnally-high torsional stresses have not been imposed. There are adequate
provisions in the diesel management program to determine the condition of the

The other0-ring seals and tightness of the connecting rod bolts.
surveillance requirements recomended by Mr. Henrikson will also be included
in the diesel management program.

Mr. B. J. Kirkwood offered two specific recomendations:
ItThe 10-year inspection of nuclear service TOI engines is important.*

seems necessary to have completed at least a few TDI engine overhauls
after 10-year intervals to be able to judge the further adjustment to
another time period.

Turbochargers remain a concern. The risk of severe damage /fai)ure isd a

great from loose metallic components being ingested into rotating turbo
Current preventive maintenance requirements relativecharger sections.

to turbochargers are important and should be continued by the Owners'
it seems necessary to have completed at least a few TOIGroup,

turbocharger overhauls after 5 and 10-year intervals, to be able to
judge the adjustment in maintenance requirements and/or schedule.

|

The staff evaluated Mr. Kirkwood's recomendations and concluded that, the
license conditions requiring 10-year teardown inspectioi.s are no longer ,

(1) a review of the operationti database and i

necessary on the basis of: l
inspection results of key EDG components; (2) high-median reliability of TDI l

diesels; (3) potentially-negative consequences of intrusive inspections, and,
(4) the Owners' Group's comitment to a comprehensive diesel management ;

The preventive
'

program developed in agreement with the engine manufacturer.
maintenance requirements relative to turbochargers are included in the Owners'
Group diesel management program.

l

|
!
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q APPENDIX C

k/
IMPORTANT FEATURES OF A DIESEL GENERATOR PREVENTIVE MAINTENANCE PROGRAM

''

In the development of the preventive maintenance program, a number of key
features should be reviewed to provide assurance that the maintenance program
will successfully achieve the reliability goals.

The first and most important feature that is necessary for a successful
maintenance program is that the engineering conditions that are to be <

monitored as part of the prografn must be explicitly identified. Although the .

Owners' Group Program contains a good representative list of items to be I

monitored, each plant may wish to institute its own scheme, in order to treat
the particular problems experienced by each licensee. Because there appear to |

be differences in the reliability problems experienced by different plants, )
even among those using the same types of diesels, each plant must provide at I

least a nominal justification for the particular choice of a set of I

engineering conditions that it will monitor. It is not necessary for any
plant to monitor di engineering conditions identified--only those important
conditions that could prevent the emergency diesel generator (EDG) from
achieving the reliability target.

Listed below are specific attributes that should be addressed by the diesel
'

generator user:

Monitoring of all key parameters ss:h as temperatures (cooing water,*

h,r~ lube oil, bearing, exhaust gases), pressures (cylinders, fuel, lube oil,
!air), speed, torque, load, or vibration levels.

Establishing of sufficient test points for each parameter.*

Calibration and accuracy of monitoring equipment over time.*

'

Ensuring the rapid response of the monitoring equipment for adequate*

correlation of operating changes and parameter variations particularly
under test conditions.

Establishing the requisite frequency and accuracy of the data recorded.*

Ensuring the accurate recording (time, type, quantity) of all additions*

of fuel, lube oil, cooling water treatment chemicals, etc.

Establishing the requisite frequency for sampling of all fluids (fuel,*

lube oil, cooling water).

Ensuring that the fluid samples are representative (sampling point,* ,

volume, time at which the sample is taken in relation to other events) l

and that the analyses are properly specified.

I

Iv
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|Ensuring accurate recording (time, duration) of all operations of I*

drains, blowdowns, and vents, along with the reasons for these
operations.

Ensuring that the engine data are being reviewed and analyzed on' a"

regular basis and that remedial measures are taken, when necessary, in a
timely manner.

The criteria for data analysis and corrective actions which include alert
levels must be clearly identified for each of the engineering conditions
contained in the set to be monitored as part of the EDG condition monitoring

Alert levels are normally as simple as a minimum and/or maximumprogram.
value for a parameter or a trend in a parameter. They also include
combinations of condition levels (e.g., high crankcase pressure coupled with

A single engineering condition may have a multiplicity ofhightemperature).
alert levels, some of which merely alert the operator that a long-ters
phenomenon is contiriuing to progress at some rate toward eventual degradation.
An example is the continuous change in acoustic vibration level at a given setThe actual ' alert'of frequencies that may be tied to some wearout phenomena.
may be a spectrum frequency level whereby the decision may be made, for the
sake of prudence, to overhaul a portion of the EDG at the next scheduled
reactor shutdown. Thus, the alert may require imediate action, or may simply
result in a preventive maintenance action at some specified time in the
future. Both the alert level value and a simple statement of the probable
action to be taken should be presented as par *: of the condition monitoring .

plan.

The EDG condition monitoring program should be formalized in a set of
hd procedures that contain checklists for the conditions monitored, monitoring

frequencies, alert levels, and action statements for plant use. These
checklists should contain the condition monitoring frequency, since there are
separate checklists for checks per shift, per day, per week, etc. Alert
levels and action statements would be condition specific and are highly
dependent on the expected lag-time between observation of the engineering
condition and the EDG failure mode related to the condition; severity of EDG
failure mode related to the observed condition; and EDG repair outage time to
correct the observed condition, compared to the repair outage time required if
the condition were allowed to proceed to failure. These considerations shoald
be impli':it in the condition monitoring procedures.

As previously discussed, the frequencies with which the various EDG
engineering conditions are to be sampled, or monitored, depend on the nature
of the conditions and how they are related to the EDG failure mode that is
being protected agtinst. These frequencies must be set on the basis of the
expected lag-time from observing the failure precursor condition to the
subsequent failure mode; whether the observed condition is a direct
observation of a condit'on that will eventually result in deteriorated
reliability; and the se>erity of the failure if the failure mode were to

These considerations must be explicitly discussed in the conditionoccur.
monitoring frequency justification.

,
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It is generally. beneficial from-the standpoint of EDG availability to incur
,

s

|-f)- -

EDG outage time for the purpose of condition monitoring, which leads to !

preventive saintenance, in order to avoid the-subsequent EDG failures thatv
would be experienced.had the preventive maintenance not been performed.

.

However, it is still incumbent upon the licensee to ensure that EDG outages
^

for condition monitoring and preventive maintenance do-not become excessive.
1

That is,.the licensee's condition monitoring program must reflect the tradeoff-
of EDG reliability between preventive eaintenance and EDG failure (and
subsequentcorrectivemaintenance).

.

;

It is inevitable that the appropriate set of monitored parameters and4

This 'is true for two reasons:frequency of monitoring will change over time.
(1) because of wear and aging mechanisms, the. important ECG failure causes are.
expected to change with time and (2) additional failure information, and
improved techniques for condition monitoring, will almost certainly result inL
a changed perception of the appropriate condition monitoring for anLindividual

Therefore, it is important that the EDG maintenance program has
. ,

provisicas for periodically reviewing and. updating the condition monitoring
EDG.

performed on the. diesel generators.

.

.
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APPENDIX 0
.,

The |following isla sample of the license conditions that were imposed on TOI
owner licensees' based on recomendations in NUREG-1216, in 1986, and their-i
removal is being approved by the staff in this SE, )'

(1) General (applicable to all TOI engines)

Changes to the maintenance / surveillance program for the TDI diesel
engines, as identified in. ( ) , shall be subject to the

'

provisions of 10 CFR 50.59.

The frequency of the major engine overhauls referred to in the license
conditions below.shall be consistent with Section IV.1, '0verhaul

'

Frequency,* in Revision 2 of Appendix II of the Design Review / Quality -
Revalidation Report that was transmitted by letter dated-May 1,'1986,
from J 8. George, Owners' Group to H. R. Denton, NRC. .

Rods (applicable to TDI DSRV-16-4 and 0$RV-20-4 engines only')-|
(2) Connect h

u
Connecting rods assemblies shall be subjected to the following

-

inspections at each major engine overhaul:
-

Th's surfaces of the rack teeth should be inspected for signs of
If fretting has occurred, it should be subject to an

*
fretting.
engineering evaluation for appropriate corrective action. -

'

All connecting rod bolts:should be lubricated in accordance with the
engine manufacturer's instructions and torqued to the specifications

*

The lengths of the two pairs of. bolts aboveof the manufacturer.
the crankpin should be measured ultrasonically before and after
tensioning.

The lengths of the two pairs of bolts above the crankpin should be
measured ultrasonically before detensioning and disassembly of the

*

If bolt tension is less than 935 of the value at-
installation, the cause should be determined, appropriate correctivebolts. .

action should be taken, and the interval between checks of bolt
'

tension should be reevaluated.- '

All connecting rod' bolts should be visually inspected for. thread:
and the two pairs of. connecting rod bolts-* ,

damage (e.g., galling),ld be . inspected-by magnetic particle testingabove the crankpin shou All washers used withto verify the continued absence of cracking.
the bolts should be examined visually for signs of galling or
cracking, and replaced if damaged.

, .]

* Appropriate license conditions differ from plant to plant.
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A visual inspection should be performed of all external surfaces of
the link rod box to verify the absence of any signs of service-

*
c

(l'' induced stress.

All of the bolt holes in the link rod box should be inspected for
Inthread damage (e.g., galling) or other signs of abnormalities.

*

addition, the bolt holes subject to the highest stresses (i.e. the
pair imediately above the crankpin) should be examined with an
appropriate nondestructive method to verify the continued absence of

Any indications should be recorded for engineeringcracking.
evaluation and appropriate corrective action.

The following item applies only to DSRV engines with connecting rods
employing 1-7/8-in.-diameter bolts:

The following actions should be performed if the engines are*

operated in excess of 5740 kW:

(Specific actions have not yet been developed.)

Crankshafts (applicable to TDI DSR-48 engines at Rancho Seco)(3)

During the first refueling outage, inspect the fillets and oil holes
of the three most heavily loaded crankpin journals (Nos. 5, 6, and

*

Indications found7) in each crankshaf t, using liquid penetrant.
should also be evaluated with eddy current methods as appropriate.

During the second and third refueling outage, inspect the filletsV and oil holes of the three most heavily loaded crankpin journals in
*

each crankshaft, using liquid penetrant. Indications found should
also be evaluated with eddy current methods' as appropriate.

During each major engine overhaul, inspect the fillets and oil Mies
of the (a) three most heavily loaded crankpin journals (Nos. 5, 6,

*

and 7) and (b) the main journals located between crankpin journals
5, 6, and 7.

The following actions shall be performed if the,, engines are operated*
in excess of an indicated load of (31340 Kw): ,

* Momentary transients (not exceeding 5 sec) that result from changing bus
loads need not be considered as an overload.

**The figures shown in brackets are for River Bend, which has a qualified
load capacity of 3130 Kw. For Rancho Seco, different values may be appropriate
depending on the value of the qualified load established for the Rancho Seco
TDI engine crankshafts.p
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1

for indicated engine loads in the range of [}130 Kw] to(a)- no additional ~[3200 Kw] for- a period of less than 2 hours,
action shall be required.,

"

For indicated engine loads in-the range of [3130 Kw] to ' a_(b) [3200 Kw] for a period of equal to or emeding 2 hours,
crankshaft inspection pursuant:so iteie d (Delow) shall be: _jperfomed at the next. refueling outage.

For indicated engine loads in the range of {3200 kW) to(c)
(3500 kW:

for a period of .less than 1 hour, .a
crankshaftinspection pursuant to ites d (below) shall be |

performed for the affected engine at the next refueling
.

|

|'

outage.

For indicated engine loads.in the range of.[3200 kW) jo |
(d)

(3500 kW) for a periods equal' to or exceeding I hour,f time,. :!nand |

for engine loads exceeding [3500 kW).for any period o !

(1) the engine shall be removed from service.as soon as -
safely possible, (11) the engine-shall be declared in-

Theoperable, and (iii) the crankshaft shall-be. inspected.:
'

crankshaft inspection shall include crankpin journals 5, 6,
and 7 (the most heavily loaded) and the two main journals in

,

between, using liquid penetrant. Indications found should q

be evaluated with eddy current' testing as appropriate.
-

,

If cracks are found during inspections of crankshafts, this
.condition shall' be reported promptly-to the:NRC staff and theO affected engine shall be considered inoparable. The engine shall
j

not be restored to ' operable status' until'the proposed disposition-
'

and/or corrective actions have been approved by the NRC staff.
l

Crankshafts (applicable only to DSRV-20-4 crankshafts at San Onofre(4) J
Unit 1)

011_ hole locations in the five most heavily loadeo main journals 1
(i.e., journals 8 through~ 12) for each crankshaft shall be inspected

*

at each refueling outage with liquid penetrant. -Indications.found: |
)

shall be evaluated with addy current testing as appropriate.

During each major engine overhaul, the fillets of the most heavily*
loaded main journals -(Nos. 4 through 12) should be inspected.
together with'the oil holes, using.-liquid penetrant. Indications
found shall be evaluated with eddy current testing as appropriate..

'

In addition, these inspections should be performed for the oil--holes-
1and fillets in at east three of the crankpin journals at Leach; major-

engine overhaul.

I
*1f there are multiple overload events within a given load range s'ince

the previous crankshaft inspection, then the time criterion applies to the: 1

total accumulated time in that load range. j
0-3
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The following actions shall be performed if the engines are operated*
7,
' ; in excess of 4500 kW (+5%):
'J

(NOTE: Specific actions applicable to San Onofre Unit I have not
yet been developed. These actions should be specified in a manner
similar to that used for River Bend.)

If cracks are found during inspections of crankshafts, this condition
shall be reported promptly to the NRC staff and the affected engine
shall be considered inoperable. The engine shall not be restored to
" operable status * until the proposed disposition and/or corrective
actions have been approved by the NRC staff.

(5) Cylinder Blocks (applicable to all TDI engines)

Cylinder blocks shall be inspected for ' ligament' cracks, ' stud-to-*

stud" cracks and " stud-to-end' cracks as defined in a report" by
Failure Analysis Associates, Inc. (FaAA) entitled ' Design Review of-
TDI R-4 and RY-4 Series Emergency Diesel Generator Cylinder Blocks"
(FaAA Report No. FaAA-84-9-11.1) and dated December 1984. (Note
that the FaAA report specifies additional inspections to be
performed for blocks with 'known" or " assumed" ligament cracks.)
The inspection intervals (i.e., frequency) shall not exceed the
intervals calculated using the cumulative damage index model in the .

subject FaAA report. In addition, inspection methods shall be
consistent with or equivalent to those identified in the subject

f FaAA report.

In addition to inspections specified in the aforementioned FaAA*

report, blocks with "knavn" or " assumed" ligament cracks (as defined
in the FaAA report)_ should be inspected at each refueling outage to
determine whether or not cracks have initiated on the top surface,

,

which was exposed because of the removal of two or more cylinder '

heads. This process should be repeated over several refueling
outages until the entire block has been inspected. Liquid penetrant
testing or a similar sensitive nondestructive testing technique
should be used to detect cracking, and eddy current testing should
be used as appropriate to determine the depth of any cracks
discovered. 4

If inspection reveals cracks in the cylinder blocks between stud*

holes of adjacent cylinders (" stud-to-stud" cracks) or " stud-to-end'
cracks, this condition shall be reported promptly to the NRC staff ';

and the affected engine shall be considered inoperable. The engine
'

shall .not be restored to ' operable status' until the proposed '

disposition and/or corrective actions have been approved by the NRC
staff.

"This report was transmitted to H. R. Denton, NRC, from C. L. Ray, Jr.,
p TDI Owners' Group, by letter dated December 11, 1984.
Cl
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(6) Cylinder Headi (applicable to all TDI engines)
,

The followino air-roll test shall be cerformed as soecified below,.
except when the olant is already in an Action statement of Technical
Saecification 3/4.8.1. "E' ectric Power Systems. A.C. Sources *:

The engine shall be rolled over with the airstart system and with the
cylinder stopcocks open before each planned start, unless that: startThe engines shall also.be rolled
occurs within 4 hours of a shutdown.
over with the airstart system and with the cylinder stopcocks.open after
4 hours, but no more than 8 hours,.after engine shutdown and then rolled
over once' again approximately.24 hours after each shutdown. -(If an-.

engine is removed from service for any reason other than the rolling-
over procedure before expiration of the 8-hour or 24-hour periods noted
above, that engine need not be rolled over while it is out of service.
The-licensee shall air-roll the engine over with the. stopcocks open at

The origin of any water detected -the time it is returned to service.)
in the cylinder must be determined, and any cylinder head that leaksThe above air-roll test may bebecause of a crack shall be-replaced.
discontinued following the first refueling outage subject to the-
following conditions:

All cylinder heads are Group III heads (i.e., cast after September*

1980).

Quality revalidation inspections, as identified in the Design
O Review / Quality Revalidation report, have been completed for all

*
>

cylinder heads.

Group III heads continue to demonstrate leak-free performance. This
should be confirmed with TDI before air-roll tests are discontinued.

*

(7) Piston Skirts (applicable to modified. type AF piston skirts' enly)

The stud boss attachments of the modified type AF piston skirts*
shall be inspected with liquid penetrant at each major engine

Indications found should also be inspected with eddyoverhaul.
current methods as appropriate. -(This license condition may be-

4

deleted for individual piston skirts after they have completed 750
hours of service at engine loads equaling .4500 kW (+55)):

The following actions shall be performed if the engines are operated*

in excess of 4500 kW (+5%):_

(Specific actions have not yet' been developed.)

Turbocharceri (applicable to Elliot Model 65G and_90G turbochargers of-(8)
.all TOI engines)

Periodic inspections of the turbochargers shall include;the following:

O 0-5

.



The turbocharger thrust bearings should be visually inspected for
i

|excessive wear after 40 nonprelubed starts since ,the previous visual
*

(Vl inspection.

Turbocharger rotor axial clearance should be measured at each*
refueling outage to verify compliance with TOI/Elliott
specifications. In addition, thrust bearing measurements should be
compared with measurements taken previously to determina a need for
further inspection or corrective action.

Spectrographic and ferrographic engine oil analysis shall be
performed quarterly to provide early evidence of bearing

*

Particular attention should be paid to copper leveldegradation.
and particulate size, which could signify thrust bearing
degradation.

The nozzle ring components and inlet guide vanes should be visually*
inspected at each refueling outage for missing parts or parts
showing distress on a one-turbocharger-per-refueling-outage basis.
In addition, these inspections should be performed for all
turbochargers at each turbocharger overhaul (i.e., at approximately

If any missing parts or distress is noted, the5-year intervals).
entire ring assembly should be replaced and the subject turbocharger
should be reinspected at the next refueling outage,

o
b

(J 0-6
%



is

I
i

!
;

APPENDIX E
(3
\-)

COMPONENTS REQUIRING ENGINE LOAD LIMITS AND/0R SPECIAL ROUTINE
MAINTENANCE AND SURVEILLANCE

Special
maintenance

Engine and
load surveillance
limited required

Component

Crankshaft Yes Yes
DSR-48 Yes* Yes
OSRV-48

Cylinder block
No Yes

DSR-48 (Shorehau) No Yes
OSRV-16 (Comanche Peak)

No Yes
Cylinder heads

Connecting rods
DSRV engines, 1-7/8-in. bolts Yes Yes

DSRV engines, 1-1/2-in, bolts No Yes

3 Piston skirts
Yes Yes

Type AF

No Yes
Turbocharger

* Limitations on engine testing have been established to minimize
crankshaft torsional stresses during startup transients.
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Abstrac1

This topical report (TDI EDG 001 A, " Basis for Modification to Inspection
Requirements For Transamerica Delaval, Inc., Emergency Diesel Generators") is
submitted to the U.S. Nuclear Regulatory Commission (NRC) for docketing. This
approved topical report provides justification for changes to inspection,
maintenance, and surveillance requirements for TDI Emergency Diesel Generators
to improve availability and maintain reliability. The NRC Staffissued its Safety
Evaluation Report (SER) approving this topical report on March -17,1994. The
NRC's SER has been incorporated into this topical report as requested by the NRC
in its March 17, 1994, letter to the TDI Owners Group.

As demonstrated in this topical report and confirmed in the NRC's SER, there is
adequate justification for removing the present component based licensing
conditions. The TDI EDGs should be treated on par with other EDGs within the
nuclear industry and subjected to the same standard regulations, without the
special requirements of NUREG-1216, " Safety Evaluation Report Related to the
Operability and Reliability of Emergency Diesel Generators Manufactured by
Transamerica Delaval, Inc.," (August 1986).

This report contains the following previous submittals ofinformation to the NRC.

A) Licensing Submittal on Behalf of the Transamerica DeLaval,Inc.,
Owners Group for Review of Licensing Conditions Imposed by
NUREG-1216. This report dated November 30,1992, and submitted to the
NRC by letter dated December 8,1992, provided background and
information related to seven years of inspections and teardowns required by
NUREG 1216. This report is identified as Reference (2) on page 12 of the
SER.

B) Licensing Submittal on Behalf of the Transamerica DeLaval,Inc.,
Owners Group for Review of Licensing Conditions Imposed by
NUREG-1216, Revision 1. This report dated May 3,1993, and submitted
to the NRC by letter dated May 3,1993, provided clarification on the
inspections and teardowns summarized in the November 30,1992 report.
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. Abstract
73

-

,

d
C) Generic Licensing Submittal No. 2 for Emergency Diesel Generators

Conditions of License for Utilities with Enterprise Engines. This
report submitted to the NRC by letter dated December 7,1993, provided the
following information:

i) discussion ofinspection results and conclusions for certain diesel
engine components

ii) a sample data table indicating results ofinspections for an engine
component (s)

iii) data table providing inspection results for certain diesel engine
components

iv) summary of diesel engine inspection wording found in each TDI
Owner's Technical Specifications

D) The TDI Owners Group also provided information to the NRC by letterg.
s dated December 21,1993. This letter provided additional information

regarding available outage windows for engine teardown and overhauls and
fast start capability.
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1.0 EXECUTIVE SUMMARY

The Transamerica Delaval, Inc. (TDI) Owners Group recommends the removal of the licensing conditions

imposed by NUREG 1216. Based on substantial operating experience and the Design Review /Ouality

~

Revalidation (DR/OR) effort for the critical components, the TDI emergency diesel generator (EDG) has

demonstrated that special concerns of NUREG 1216 are no longer warranted. Therefore, the TDI EDGs ~

shall be regarded the same as other EDGs within the nuclear industry, and subjected to the standard
,

regulations without the special requirements of NUREG 1216. These conclusions are supported by the

information that follows. In addition, this action will improve unavailability of the engines for service. .

especially during outages, while maintaining current low unreliability levels.

,

The TDI Owners Group themfore requests the NRC to review the revised recomrnendations contained

within this report and issue a generic Safety Evaluation Report (SER) endorsing removal of the component

based License Conditions that are currently required by certain power plant Operating Licenses. This

generic SER would then be referenced by individual licensees to process Operating License amendments

on each docket for plant with TDI diesels to remove these License Conditions.- All aspects of the-

maintenance and surveillance programs would then be controlled by the I:censee and reviewed by the NRC

under current regulations,

1
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2.0 INTRODUCTION AND BACKGROUND

O
V

The Design Review / Quality Revalidation (DR/OR) effort of 1984 has been performed on Emergency Diesel

Generators (EDG) supplying emergency AC power for the following utilities that are in support of this

licensing submittal:

UTILITY STATION

Texas Utilities, Inc Comanche Peak

Entergy Operations, Inc. Grand Gulf

Duke Power, Inc. Catawba

Carolina Power and Light, Inc. Shearon Harris

Georgia Power / Southern Nuclear Operating, Inc, Vogtle

p Cleveland Electric illuminating Co./Centerior Energy Perry

b Gulf States Utilities, Inc. River Bend

Tennessee Valley Authority Bellefonte

(Note that not all engines at all plants have completed DR/OR as indicated in the particular docket; but

each utility has a representative sample of engines that have completed this inspection and have

operational hours since the inspections). This effort was in response to NRC concerns regarding the

reliability of large-bore. medium speed diesel generators manufactured by TDI for application at nuclear

power plants. Southern Califomia Edison remains a current member of the Owners Group, however due

to a decision to decommission, Unit 1 of the San Onofre plant is not a participant in this action. Long

Island Lighting and Sacramento Municipal Utility District have ceased membership in the Group due to

decommissioning actions and are not participating in this action. Washington Public Power Supply and

Consumers Power have deferred or canceled plants and are not a participant in this action. This accounts

for the thirteen utilities that originally began development of the DR/OR effort.

N
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This effort was originally outlined and documented with the NRC as the TDI Owner Group Program Plan.

'5 This plan was' accepted by the NRC in an Safety Evaluation Report (SER) dated August 13, 1984. r

Following issuance of the SER, the Owners Group member utilities developed and implemented the DR/OR

in response to the Program Plan. The specific details of the DR/OR were submitted to the NRC for review

and this information was reviewed and referenced as part of the NRC position which was documented in

NUREG 1216. The recommendations of the NRC consultants hired to assist in this effort is also referenced
'

in NUREG 1216 and is documented in PNL-5600. These details resulted in specific license conditions for

each utility as the individual DR/QR reports were submitted under the utilities respective dockets. These t

utilities have operated for a substantial time period and logged many operation hours on these EDGs and - ,

this operational data is being submi;ted for review to remove the license conditions imposed by NUREG

1216. It should be noted that the scope of the original NRC review was to look in detail at the Phase I

components as defined by the DR/OR program.

NUREG 1216 documents the NRC reviews of Phase I and !! components. Phase I components are

addressed later in this submittal. Phase 11 components constitute approximately 150-170 components on

the engine. The NRC review of Phase 11 components documented in NUREG-1216 concluded that a

Udetailed review of these items was not necessary and would be redundant.

The Phase I components were chosen as those that had potential for generic concerns. Through an -
,

extensive review of TDI and other engine performance data in both nuclear and non-nuclear applications,

the Owners Group identified 16 components with such concerns. These are:
,

,

air start valve capscrews engine base and bearing caps
,

connecting rods engine mounted electrical cable

connecting rod bearing shells high pressure fuel injection tubing
,

crankshafts jacket water pump
:

3
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,

,

.

cylinder block piston skirts

.t . cylinder heads push rods

cylinder head studs rrcker arm capscrews
,

cylinder liners turbochargers i

!

These engines have operated under the requirements of the program reviewed and approved by NUREG ,

!

1216. This document presents the results of the operation of a large sample of engines under that program
_

and demonstrates that the reliability of these engines is comparable to the reliability of other EDGs and that

the time required to continue to perform teardowns and inspections as outlined in specific licensing

conditions substantially adds to the unavailability of the engines. Subject to the findings of this report; the
,

Owners Group concludes that these engines can be operated in a safe manner without degrading reliability

and still achieve improvements in unavailability by removing license conditions to perform inspections

requiring engine teardown.
-

The Owners Group will develop a performance based maintenance program outside.of the licensing

environment to assure that the goals outlined above will continue to be met.

:
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30 COMPONENT PERFORMANCE REVIEW '

*

This section discusses the original component concerns, the proposed modificationshnspections that were

subsequently required, the results of the modificationshnspections, and a proposed disposition of each item.

The modifications / inspections that will be discussed are listed in the DR/OR report, Appendix il, Part B. ,

A copy of the current version of Parts A and B of this Appendix is included as a part of this submittal as

Appendix A. Appendix A and NUREG 1210 are the basis for the license conditions that are imposed on

some utility dockets, The original review contained in the above documents along with the results of the
-1

inspections performed since that initial review was cornpleted will be the review basis for the amended

recommendations to be approved by the NRC.
,

;
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3.1 ENGINE OVERHAUL FREQUENCY

>

The overhaul frequency for the TDI engires was originally recommended to occur at an approximate 5 year

interval. This interval was later revised to 10 years because (1) of the comprehensive DR/OR effort

conducted for each of the engine components. (2) of the limited number of operating hours for the engines

in nuclear standby service, and (3) a sample inspection of major engine components will be performed on-

a one-time basis following 5 years of service. Details of the results of insi octions performed during this

teardown are outlined in the discussion of the individual components. Overall, the teardowns did not

indicate any major problems or suggest that any component had experienced any significant wear. The
,

average number of operating hours logged on an engine in a year is approximately 100 hours. This

number is much less than the number of hours typically experienced by non nuclear engines. This mode

, of operation lends itself to using monitoring / surveillance programs in lieu of hours of operation to determine

overhaul frequencies.
. 1

(
Collectively, these engines have accumulated over 9000 hours of operation. This provides a significant

data base on which to base removal of the license conditions imposed by NUREG 1216.

Recent studies performed for the NRC (Reference: NUREG/CR-5078, PNL-6287) indicate .that for

approximaiely 2 years following a major engine overhaul, EDGs, regardless of their manufacturer, exhibit

increased unreliabikty. This increase is attnbuted to several reasons. One reason offered is that during !

disassembly there is a high potential to introduce dirt and other substances that may harm the engine.

..Another is that disturbing a precision fit system that " wears in" to seat mating surfaces (eg rings and liners.:

crankshafts and bearings, connecting rods and bearings) can result in alteration of wear patterns that may .

increase wear or actually cause wear to start and decrease the life of the component. As noted in the - - !

abcve reference, the period following overhaul'is a " shakedown" period that is required to produce smooth

running rehable engine.

6
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,

|

The Owners Group agrees with the findings of the above study. In addition, the results of the 5 year " mini"

overhauls have shown no component failures that resulted in a loss of component function and have also -

shown that operational component wear since installation has been very minimal. To perform a complete

engine overhaul for a typical engine could take approximately six weeks during an outage and could make

the diesel more unavailable during the outage. Extending the period between overhauls reduces the overall

cost that would be incurred for additional parts and labor to install and refurbish components that are no

worse from wear than the new parts to be installed. In order to prevent increased unreliability and to

reduce unavailability, the Owners Group recommends that an overall frequency not be specified. Individual

utilities will use maintenance / monitoring and trending data similar to the information gathered in Table 1

of Appendix 11 of the DR/OR report, and coupled with *he engine manufacturer's recommendations, to

determine when a particular component would need refurbishment or replacement. This would give the

utility the flexibility to plan for this work to be performed over an appropriate period in lieu of one outage

penod and would serve to reduce unavailability and unreliability.

.
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32 AIR START VALVE CAPSCREWS

-

V
PM Recommendations

,

There are no PM recommendations associated with this component in Part B, Appendix A. Revision 2 of

Part B, Appendix A recommended that upon installation of a new capscrew, retorquing should be performed

at specified intervals to compensate for gasket creep. When no change in torque is detected, the gasket

is fully compressed and the torque will be maintained. This item was removed by revision 3 to Part B as

the manufacturer has agreed that this is a proper recommendation and has put this item in their PM-

recommendations

Backrircund

The air start valve capscrew have not had a history of failure. The original concern with the component

dealt with the component being too long and " bottoming out" in the cylinder head. In SIM 360, TDI

recommended a change to use a shorter capscrew and recommended a suitable torque value. This was

in response to reports at Shoreham and Grand Gulf where these capscrews had been found to loosen.

Results of Inspections

|
!

4

Loosening of this component or other related problems have not been detected since the utility has either
l

made the change noted above or has' verified that the existing capscrew does not boltom out. - All- ]

capscrews have been properly torqued. This is the justification for removal of this item from Part B and. i
|

placing this information with the vendor recommendations.

1
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.

:
.

Conclusions

@
. This item was closed unoer NUREG 1216 and no further problems have been reported. Utilities should4

continue to follow vendor torquing procedures upon replacement.
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3.3 ENGINE MOUNTED ELECTRICAL CABLE '

PM Recommendations
,

i

There are no PM recommendations associated with this component in Part B, Appendix A.

,

,

Backnround

i

TDI SIM 361, revision 1 notified the engine owners of potentially~ defective engine-mounted cables -
,

associated with the Woodward governor / actuator and the AIR-Pax magnetic pickup. This memo led the

Owner's Group to review in detail the suitability of all class IE auxiliary module wiring and terminations-

currently installed on the diesel engines. Of special interest was the suitability of this wiring with respect

to flame-retardancy of the insulation, qualification to industry standards, routing of conduit, compatibility with
,

circuit requirements, and the need for special requirements such as shielding. Modifications were, in some
,

cases. recommended and all of these modifications were completed.

,

Results of inspections

'

No further problems or issues have been found dealing with this component.

)
Conclusions

i

.k

The modifications specified address the concerns with this component and this issue was closed during. !

'

the initial NRC review. This item was closed under NUREG 1216 with no additional concerns found since

that time and this item remains closed.
.
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3.4 ENGINE BASE AND BEARING CAPS

p
i

PM Recommendations
-

,

The base and bearing : ops preventative inspections are listed in Part B of Appendix A. Specifically, PM .

recommendation 1 can be made without a disassembly; PM recommendation 2 does require disassembly

but is only required to be performed when the caps are removed for other reasons. ;

i

Backaround

|

The original Owner's Group design review for this component found adequate factors of safety for all

components. Problems encountered with this component are not generic in the engines supplied for
;

nuclear service. Problems that were encountered were with non nuclear service engines resulting from
.

inadequate bolt preload and in one case, marginal strength due to inferior quality of a casting. The NRC
.

!
i . ..

revisw noted specifically that once the caps are installed according to the Owner's Group recommendations
,
.

and torqued to TDI specifications, they should not require further attention until they are removed for'some g

other reason it should be noted that inspections proposed in Part B of the rnaintenance matrix were to
?

validate the findings of the analysis discussed above and were a conservative step to aid the licensing

precess.
t
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- Results of Inspections '

;

For all engines in current service, a metallurgical exam for Widmanstaetten graphite has been made or the

recommended three cycle inspection for cracks have been completed and none of the bases have

;: indications of inferior material. Twenty-five separate base inspections have been made with no signs of

cracks noted. In addition. hundreds of inspections have been made of the bearing cap and saddle interface l

for PM item 2 and no problems have been detected. - ;

;

Conclusions >

,

Based on the positive results of the monitonng and the conservative nature of the FM;. the base

inspections should be no longer necessary. The inspection of the cap mating surfaces should continue = ;

as goort maintenance practice only when the caps are removed for other reasons.
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' 3.5 CONNECTING RODS
.

3.51 DSR-48 Inline Enqine
.

T

i
s

PM Recommendations ,

!

!

'!
The connecting rod preventative inspections are listed in Part B of Appendix A. Specifically, PMs 1,2,4, -|

and 5 require teardowns to perform. PM item 3 is excluded from this discussion as it is the scope of a ;
,

previous license submittal and is already under review by the NRC. These inspections have been ]
performed on the River Bend engines as outlined in Appendix B. .;

;

,

Background
,

:

During the DR/OR review,- only one rod failure was reported and that was on a non nuclear application and -
i

the failure was due to the possibility of pre-existing defects on the surface of the rod eye and to the higher !

;

peak firing pressures used in the engine that had the rod to fail.

!

The design review performed found no design problems with the rod. However, the NRC recommended ,

!that a rod eye and bushing be inspected using an acceptable NDE technique and that all bolts and washers

be inspected at the same time.
:

:

Results of inspections
;

'i

The rods at River Bend have been inspected on a sampling basis at the 5 year interval with no problems

found. This was performed on two connecting rods per engine and the associated bolts and washers and .
:

bearings. I

:

\ 13
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'

Conclusions,

)
.

iBased on the initial design review and the positive inspection resuits it is concluded that these inspections

'

should not be performed unless the rod is removed from the engine for other reasons. These inspections -

- should be viewed as good maintenance practices and not as requirements.
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3.52 DSRV 16 Engines
,

PM Recommendations
.

E

The connecting rod preventative inspections are listed in Part B cf Appendix A. Specifically, all PMs with
'

the exception of PM 9 require teardown to perform. PM item 3 is excluded from this discussion as it is the

scope of a previous license submittal to the NRC and is already under review.

Background
,

'

Dunng DR/OR review a total of six rod failures were documented. 'TDI had identified two failure

mechanisms in SIM 349. The first was due to fatigue of the link rod bolts resulting from loss of bolt
,

preload. The second mechanism was fatigue cracking of the conriecting rod bolts and/or the link rod box
a
\ in the mating threads. The Owner's Group Design review performed a detailed stress analysis of the rod

,

:

and looked at fatigue as suggested by TDI. The results of that analysis showed the peak stresses induced - !

by the loading mechanisms are slightly below the fatigue initiation curve for rods with 11/2" bolts and.

slightly above the fatigue initiation curve for rods with 1-7/8" bolts, Grand Gulf (Entergy) is the only utility

that has engines with the 1-7/8" bolts still in use. The summary of this work is that as long as the bolts are

properly torqued the rods will perform with no problems.

Results of Inspections

A totai of 42 connecting rods have been completely disassembled and subjected to'the PMs' described ,

'

above.- A total of 1776 bolts have been checked for proper tension during the time since DR/OR. These :

inspections have revealed no problems and these rods continue to provide good _ service. ,

15
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. Conclusions ,

LO .

Based on the above, the Owner's Group recommends that further connecting rod disassembly to perform
i

the inspections above on a particular time frequency is not warranted. However, it is the recommendation -

of the Group that as rods are removed from service for any reason, they should be subjected to the PMs .

in Appendix A as a good practice but this should not be a requirement. Oil analysis should continue to be

performed as this will provide indication of premature bearing wear or bearing problems as babbitt will be

recognizable in the oil. Also, vibration measurements should continue as well as operation monitoring

which will also provide an indication of potential problems with this component.
,

;

;

The engines at Grand Gulf are currently limited to 185 BMEP. This derating reduces the stresses
~

associated with fatigue cracking of connecting rod bolts and/or the link rod box. Based on past positive

inspection results and engine derating, the recommendations for 1 1/2" bolting will then apply to Grand Gulf
>

.

as well.

) ,

>

1

!

|

|
* 1

16

'|
i

I
~ - - _ ..-- . __ : _ . . .._..i



.. - , . - . ~. . .

i

i

3.6 CONNECTING ROD BEARING SHELLS :i
'

'L This item has been covered in Section 3.5, Connecting Rods and in a previous license submittal currently
|
'

under review with the NRC. The previous submittals are documented in letters to Mr. Om Chopra dated

October 31,1991 and supplemented February 27, 1992 from Messrs 'JB George and RD Broome.
~

Therefore this item is addressed by reference to previous submittals. -(Copies of these submittals are ~

included as Appendix C and D.)

|
|
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3.7 HIGH PRESSURE FUEL INJECTION TUBING -

,

PM Recommendations

i
The high pressure fuel injection tubing preventative inspecticns are listed in Part B of Appendix A. The

PMs do not require teardown to perform: however, the requirement to eddy current the non shrouded tubing

prior to bending does result in considerable cost and delay of replacement tubing ' Use of shrouded tubing
'

-

has been approved * - the Owners Group and the vendor to provide protection of leakage that would ,

,

potentially result in a fire hazard. Fire hazard and personnel safety are the primary concerns with failure
,

of this component.

.

Backaround
;

!
The review of this component during the DR/OR process revealed that failures had occurred at Shoreham ,

and Grand Gulf Nuclear Stations. A 10CFR21 notification was issued on 7/20/83 by TDI alerting Owners' ,

and the NRC of the condition and identified that the cause of the failure stemmed from a draw seam that

acts as a stress riser on the inner surface of the tube. One of the points stated is that a draw seem is

induced dunng the drawmg phase of the manufacturing and generally will extend over most of the length

of the tube and be readily detectable, The design review noted that the tubing is acceptable as long as

no preexisting flaws greater than a depth of .0054' existed. This prompted the recommendation to eddy ,

current the tubing prior to bending. The reason for the concem was to_ prevent leakage that could

potentially result in a fire and for personnel safety.

.

t
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1

I

|
,

Results of Inspections ,i

:(
'

i :

The tubing is visually inspected for leaks during each engine run. Since the DR/OR effort, four tubing

failures have occurred. This inspection has resulted in hundreds of inspections of this component.'.Most
.

engines are now equipped with the shrouded tubing which permits the leak check to be performed by [
'
,

removal of a plug. Shrouded tubing i.s a double wall tube that contains the high pressure fuel spray in the

event of a leak and prevents fire and hazards to personnel.

.

Conclusions

,

t

'

The Owners Group recommends that visual inspections for leaks continue during the engine runs.' Any

problems should be readily identified by this process. In addition, replacement tubing must be shtouded.
1

Further, because of its double wall design, use of shrouded tubing would eliminate the need to eddy current ,

this tubing and this requirement should be deleted for shrouded tubing,
r

g

9

4

)

i
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13.8 CRANKSHAFTS ;
:

' [f
'

'3.81 DSR-48 Series Enaines o;

,

PM Recommendations
<

!

The site specific preventative inspections are listed in Part B of Appendix A. All of these inspections 3

require disassembly to perform. These inspections have been performed on a per PM basis as detailed
.i

in Appendix B. >

,

>

,

Background

;

in August 1983. the crankshaft in the EDG 102 engine at the Shoreham Nuclear Power Station fractured [

during plant preoperational tests.
.

. .

-

, .

The fracture occurred at the crankpin journal of cyfinder No.7 'and

involved the web connecting the crankpin to an adjacent main bearing journal. Following this failure, |

several cracks were discovered in the crankshafts of the other two TDI diesels at Shoreham. These -

crankshafts were found to be deficient and were replaced with a different design that increased the

diameter of the crankpin from the original 11" to 12". The replacement crankshafts were analyzed by the. ;

- Owner's Group and by NRC and found acceptable for use.

The EDG engines at the River Bend Nuclear Station have crankshafts of the same dimensions as the ,

!

replacement shafts at Shoreham. However, the generators and flywheels' differ between the.two ..

. installations. resulting in differences in crankshaft torsional stresses. Also the fillet radii at Shoreham are :

shotpeened while those at River Bend are not. The review and inspection made by the Owner's Group.-
~

!

found that there were no relevant indications in the oil holes of the crankpins. Howeveri the analysis -

revealed that crankshaft torsional stresses in the Shoreham engines at an operational load of 3300kw was'- 1
i

\ -20
.,

|

,
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,

1

equivalent.to the torsional stresses in the River Bend engines at an operational load 'of 3130kw which

i

r( accounts for the differences in the torsional systems. .Therefore, the River. Bend engines have been

derated for nuclear operation to 3130kw with the crankshafts that are currently installed.

:

-t
Results of Inspections

.

'

The inspections that have been performed are in accordance with Appendix A and has been performed :

in number cs indicated in Appendix B. No indications or problems have been foured with this component.. 1

Conclusion '

,

Based on the positive' inspection results and on the previous design review, the Owner's Group

recommends that future inspections of the crankshaft are not warranted as required by the DR/OR as long

as the engine is operated at loads below 3130kw. Should this load be exceeded for an extended period, q

:O;
the engine should be removed from service and the crankshaft inspected in accordance with current

procedures. Should no indications be found, the unit may return to service and no further inspections made

unless the load limit is again exceeded.

<j
y
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p; 3 82 DSRV 16 Enqinesi
---

V
t

PM Recommendations
.,

.

i:
:|

; The crankshaft preventative inspections are listed in Part 8 of Appendix A. All of these recommendations - j

require teardown to perform.

;

<

' Background
'

,

'

The crankshafts for the DSRV-16 engines have a crankpin diameter of 13" and the overall crankshaft length

~

is approximately'20 feet 7 inches. These engines have eight crank throws with 16 pistons driven by 8. .

'

articulated connecting rod sets. Differences in the generators and flywheels at the various installations y,

i -
' ' result in differences in the torsional stresses. Therefore, each of the crankshafts at each installation were -

,

.

individually evaluated. |

,

P

: The-results of these investigations produced similar results. The results are that the component is
,

adequate for its intended se. " at full rated load and the 110% rated overload. Extended operation at.

- speeds at or near the fourth crder torsional vibration frequency modes should be avoided. (These speeds

' have been documented in Owner's Group site specific reports.) In addition, the engine should r.o' ho ,

i operated for extended periods in an unbalanced condition.
l .

;
-

i

<

A

h
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i

Resuits of insoections

O
Appendix B indicates how many times each of the inspections detailed in Appendix A have been performed;

f ,

None of these inspections have produced any indication of cracking and most of the engines have operated
'

above the period (750 hours) that would subject the crankshafts to a number of cyclic loadings to
_

.

demonstrate unlimited fatigue life.

:

1

Conctucion
4

;

; Based on the positive inspection results and the original design review, the Owner's Group recommends
!

that future inspections as required by the DR/QR are not warranted and should be eliminated.4
.
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39 JACKET WATER PUMP s

i

%

PM Recommendations

The jacket water pump preventative inspections are listed in Part B of Appendix A. All PM

recommendations require teardown to perform.

i
t

Background

The pumps for the DSR 48 and DSRV 16 engines are somewhat different. The original design of the pump

for the DSR-48 engines had two failures on the engines at Shoreham that resulted from a fatigue failure

originating at the gear / shaft keyway. This pump was subsequently redesigned. The new design removed

the keyway on the impeller end and changed the impeller material to ductile iron. The impeller is now ,

driven through its interference fit on the shaft. This later pump design is installed on the engines at River

'- Bend.

Pumps for the DSRV-16 engines were reviewed as a result of the problems with the model DSR-48

engines. At the time of the review, there were no reported failures and the desigr review concluded that

the pumps were capable of serving their intended function with 'no problems. Since the DR/OR there are
,

reports of drive gear f ailures on non-nuclear engines and these have been addressed through the 10CFR21

program. There have been no problems with the original concern related to the shaft, keyway and impeller.

A very recent inspection at one utility has identified a potential concern that is currently under review.

J
l

,

24
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b'

i

Results of inspections

'

There have been no failures of jacket water pumps in nuclear service since the design chang ts made as ;

a result of the DR/OR review. ' Inspections performed as outt'ined in Appendix B reveal that some p;th; |

of the gear teeth on DSRV 16 engines has occurred during the pump operation. The resolution of this

issue will be dealt with through the 10CFR21 process. Additional problems related to the shaft, impellerL
,

and keyway have not been identrfied.
.

. Conclusion ' I
--

:\

Based on the positive inspection history, future inspections of this component on a time dependent basis -

as a requirement is not warranted. However, should the pump be removed or an engine overhaul be
1

necessary; the pump should be inspected per the existing guidance. - 'l

t

j

!

t

|
.
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3.10 CYLINDER BLOCK / LINERS

- PM Recommendations
,

,

The block preventative inspections are listed in Part B of Appendix A Specifically, PM recommendations

1| 2, and 3 require teardowns. The PM for the cylinder liners does not require a teardown but removal of *

the injector for access to the liner is required for visual inspection.

Background

The cylinder block provides support for the upper engine components and contains passageways for the

engine cooling water. The block is subjected to both mechanical and thermal stresses and is a grey-iron ,

casting. Although the cylinders in the DSRV-16 engines are arranged in two banks while those in the DSR-

. 48 engines are in a single bank, the two configurations do not differ in block top thickness, cylinder head

spacing, upper support of the cylinder liner, and the stud boss region that anchors the cylinder head studs. ;

Minor design changes have been incorporated as a result of DR/OR to reduce the protrusion of the cylinder

liner collar above the block top and to increase the cold radial clearance between the cylinder liner and the

block, thereby reducing stresses in the block top. Cracks have been reported in cylinder blocks of both-

DSR 48 and DSRV-16 engines in nuclear and non-nuclear applications.

A thorough design review of this component was completed during the initial DR/OR review The results

of that review were that some of the castings made during the period may contain Widmanstaetten ,

graphite which is an inclusion that weakens the grey iron casting. It was shown that blocks containing this
.

1

material have a greater potential for crack development However, it was also shown that should these
|

cracks develop, regardless of the cause, that the' block would continue to perform its intended design. I
e

function and that the cracking would potentially produce a flow path for water to the block exterior. A

.26 ;
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cumulative fatigue usage index formula was created and an inspection frequency was established based

O
! on .that usage. Further, it was noted by the Owner's Group and by the NRC that this analysis was

conservative and that "If cumulative results of these inspections over several power plant fuel cycles show

that one or more of the inspections reveal nothing of significance, the scope and frequency of the

inspections could be reconsidered." (Source: PNL-5600)

Results of Inspections -

Block top inspections have been performed in accordance with the numbers outlined in Appendix B._ Note- *

that some of these inspections are being performed on a partial bah; however, none'of the inspections

(including those of blocks with widmanstaetten graphite) have revealed any cracks. In addition, no

significant liner wear or indications have been found. A 10CFR21 notice has been issued dealing with a
i

different issue with liners and is currently under review by the Owner's Group, ;

' Conclusion ,

f

Based on the positive inspection results, the Owner's Group recommends that future block top inspections

be performed when a head is removed for other reasons for plants that have blocks with no o)
widmanstaetten graphite. For those sites having blocks with widmanstaetten graphite, the recommendation !

*

|

is to perform a visual inspection of the block top under strong lighting during a test run once a refueling

cycle. Should cracks be found, the engine should be evaluated for continued service and a more detailed

inspection performed at the next available refueling outage.

.j
!

i

1
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I

3.11' PISTON SKIRTS
.

-v
The scope of this review will be limited to Type AE piston skirts. These are the only type skirts currently -

used in nuclear applications.
]

i
i

PM Recommendations

Th'e piston skirt preventative inspections are listed in Part B of Appendix' A. Specifically, the PM listed

requires disassembly of the engine .

Backaround

>

The design review of this component revealed that design stresses are within the allowables and that based -

on experimentally measured data, neither crack initiation nor propagation is expected to occur. The AE

skirts were tested and validated du:ing DR/QR. The purpose of this validation was to determine the ,

calculated fatigue life of this component. Following the validation, a detailed inspection was made of these *

skirts with no probIems found. These skirts have previously been approved by NRC for use at the rated

engine loads and all engines in current service have been equipped with these skirts.

.:
5

Results of inspections

.

- Thirty nine piston skirts have been removed and inspected in detail. No problems h' ave been found with |

this component and these skirts continue to provide good service. See Appendix B for the numbers of '

inspections.

;

D
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Conclusion

- i

Based on the positive inspection results of this component and documented design' quality, further
,

inspections under the DR/OR program for this component are not required unless a piston is removed from

the engine for some other reason.

,
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- 3.12 ' CYLINDER HEADS ~
=|

PM Recommendations4

,

The cyhnder head preventa*iw inspections are listed in Part 8 of Appendix A. Specifically, PM 1 requires

teardown . -

t

,

1 T

Backnround
'

,

The basic cylinder head configuration is common to all TDI DSR-48 and DSRV-16 engines.' However,
,

during periods of manufactunng. TDI made changes to manuf actunng practices, quality control, and design.
,

The heads manufactured have been categorized into three groups: those cast prior to October 1978 are ,

referred to as Group 1, those cast between October,1978 and September,1980 are Group 11 and those

cast after September 1980 are Group 111.
,

,

'

Cylinder heads in Group I and 11 are subject to core shift, inadequate control of solidification, and.
,

inadequate. control of the Stelhte valve seat weld deposition process. In addition, Group i heads are not.

stress relieved and are subject fatigue crack growth in thin areas, Heads in Group 111 are much less prone

to all of these problems. Casting defects were found at Shoreham, Grand Gulf, Catawba, and Comanche

Peak during the DR/QR process. The net result from the design reviews and flaws, would have been to .i

allow leakage of jacket water to the exterior of the head or to the cylinder. Exterior leakage is of no real

concern from a reliability standpoint, but leakage into a cylinder can result in major engine damage As |
,i

a result. the Owner's Group recommended that the engine be barred or air rolled prior to starting with the -
'

air start cocks open to detect any potential leakage.

~,

.$
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Resutts of Insoections -

!

Inspections have been performed as detailed in Appendix B Indications were found on the exhaust valve

stem during RFO 4 at River Bend. The indications were caused by a sharp chamfered edge on the rocker ;

arm swivel pad and are direct result of excessive valve lash. The root cause of the excessive valve lash |

has been attnbuted to back pressure in the exhaust system during the start sequence of the engine! The
,

chamfered edge on the swivel pad was removed by machining. An improved swivel pad has been

developed by the vendor. A later inspection has found that removal of this sharp edge is preventing further I

damage to the valve stem. In addition, a water leak has been found on a head at River Bend and this leak

is under investigation to determine its cause. |

d

Conclusions

i

Based on the above positive inspection results, PM recommendation 1 is not warranted and should be
s

discontinued. It is the recommendation of the Owner's Group that pre run air rolls and inspections for i

leaks. prior to any planned start or as dictated by plant configuration, continue to preclude a leak from !

resuiting in major engine damage. Any other type of degradation that could occur.will become evident .

dunng compression checks, with exhaust temperature monitoring, and monitoring jacket water standpipe :

level for losses. I

,
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3.13 PUSH RODS -

O
The scope of this review will be limited to push rods of the friction welded design.

PM Recommendations ,

;

The push rod preventative maintenance inspections are listed in Part B of Appendix A. The-

recommendation requires an engine teardown .

+

Backaround

!Design analysis of this design showed that potential buckling under the loads to be imposed was not a -

concern. Metallurgical evaluations showed no major discrepancies in the chemical composition, hardness,

or microstructures of any components. A fatigue crack growth analysis showed that, under cyclic loading, ,

,

no potential fabrication cracks are expected to propagate in either the main or intermediate push rods using

this design. A fatigue test that included 10 to the seventh cycles compressive load from zero load to a .

value approximately 25% above the maximum theoretical service load, was also conducted. No cracks or J

~ indications were found.

Results of Inspections

>

Over 900 push rods have been inspected following extended service and have shown no problems.

4

c

32

.

y.- , , ,_. -- *-- -



- . _ .- - . . .. __. .

Conclusions

Based on the positive inspection results and the conservatism of the design, future inspections as required

in the DR/OR are not warranted and the Owner's Group proposes to delete this item. Should these

components be removed for other reasons Owner's may elect to conduct these inspections depending on

the service hfe and reasons resulting in engine teardown.

|
i

)

1

,

j

J

33

.

er N --, y



- . . . . - . - _ . , _ - - - - _ _ _ .
. -

+. s-

4-

, .

l

. |
,

,

3.14 CYLINDER HEAD STUDS ~ !

O .

5

This issue was closed in the original NRC review resulting in no preventative inspections for. this

component. There has been nothing found in subsequent operation of these engines to change this
*

',

finding.
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L315 ROCKER ARM CAPSCREWS . ,

|

T |
)' !.,

PM Recommendations
:

The rocker arm preventative maintenance inspections are listed in Part B of Appendix A. The inspection ,

is a "one time * inspection and has been completed for all engines. The inspection does require teardown.

Backqround

The review during the initial DR/OR revealed that capscrews failures had occurred on an isolated basis.

The cause of the failures was due to insufficient preload on the capscrews. This failure history resulted

in the requirements outlined under the PM Recommendations. The Owners' Group performed a detail

design review of the component which calculated appropriate resultant stresses, endurance limits, and

looked at the material requirements to determine that the material is suitable.

Results of Inspections

Subsequent to incorporating the torque requirements there have been over 500 inspections of this

component with no major problems found. River Bend has reported two pop rivets missing; this was

disposition as not being a problem as lubrication could still get to the needed areas.

Conclusion

This inspection is currently performed only on reassembly of the rocker arms. This should continue when

the rocker arm is removed from service for any reason.

35
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316 TURBOCHARGERS .

n .

PM Recommendations

The turbocharger preventative inspections are listed in Part B of Appendix A. Specifically, PM

Recommendations 2.4,5, and 6 require teardowns. These inspections have been performed on a per PM

basis as detailed in Appendix B. These turbochargers typically see operation hours of approximately 500

hours per 5 year interval.

Backaround

i

Turbocharger performance directly atfects the design rating of the engine. During the DR/OR review.

several beanng and lubrication problems were identified. In addition, there was a concern dealing with the

potential for damage of the rotating vane group due to ingesting fragments of material, specifically bolts *

s and blades from the stationary vanes assembly that had failed due to fatigue loadings. The response to

these concerns were answered as follows:

.

1) Lubrication and Bearing Wear
!

l

|
.1

The Owners Group recommended modifications to install the drip and full flow prelubrication system to -|

provide an oil filrn to the turbo bearings that would drain away during standby and that this system should

be activated to prelube any planned start. This recommendation has been implemented by the Owners.

In addition, oil sampling was recommended as a means to detect significant bearing wear. PM items 1.3 '

and 4 relate specifically to this concern.

36
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i

2) Potential For Damage to Rotating Vanes

O I
Dunng DR/OR review. it was learned that at least one engine in nuclear service had experienced loss of

a stationary vane and bolting material originating from the rotating vane group. The net effect of this event

was that no significant damage occurred, and the turbocharger performance was not effected This is A

'

documented in NUREG 1216 as referenced. This issue resulted in PMs 1,2.5.6. and 7.

Results of Inspections

PM items 2.5. and 6 require teardown. Appendix B shows the number of times that e PM has been

performed. The results of the inspections have shown that in most cases the modifications aave resulted

in eliminating significant bearing wear, in a case where some moderate amount of wear was found, this

was detected via the oil monitoring trends. There is no case where failure occurred due to excessive

bearing wear.

Since the original discovery of stationary vane failure and passing of this material through the rotating vane

group, three other occurrences have occurred with the same result that the vane fragment passed through

the rotating vane group with no significant damage and no significant degradation of turbocharger

performance. ,

Conc!usions

Based on the positive inspection results described and detailed in Appendix B. PM items 2.4.5.and 6 are

not required. PMs 1,3 and 7 will be m,hnued as a part of the future maintenance program. PMs along

with results from the oil sampling program and exhaust temperature trending wil| show degradation in

turbocharger performance and/or indicate increased bearing wear or vane damage. Tr.M '.nii permit the

37
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, ,. utility to evaluate and take actions necessary to correct the problems. Should the turbochargers be--

.

- removed from service for any reason, the PM recommendations 2,4,5, and 6 should be considered as good ;

maintenance ' practice.
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4.0 SYSTEM UNRELIABILITY

f
-
i

s

System unreliability for the TDI EDGs has been consistent with the industry median for the period since
_

?

' DR/OR was completed. A review of the INPO data for the period 7/89-6/92 gives a median unreliability 'i
i

for TDI EDGs as 0.0114. This average is well within the expectations of NRC guidance for either a plant !

needing a 0.0250 unreliability or 0.050 unreliability as directed by Station Blackout and equal to the current- .

industry median. Some unreliability has been attributed to the engine teardowns and inspections. Industry

experience indicates that elimination of frequent teardown and inspections has resulted in an additional |

decrease in unreliability. The following table lists the INPO data furnished for unreliability: 1

!

.i
INPO UNRELIABILITY VALUE FOR TDI DIESELS j,

; 7/89-G/92 i

,

!
ENGINE UNRELIABILITY 2:;

.,

I N

:

, 1 0.0556
2

,

| 2 0.0000 ,

!

! 3 0.0238 .j

4 0.0238

. 5 0.0357-

6 0.0000

7- 0.0000-
-i-

8 0.0000
~

;

9 0.0112 ~(

10 0.0000 !
,

i

r- 11- 0.0371

,
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- #

+

'
12 0.0114

j: 13 0.0373
,

,

14 0.0099

15 0.0000
r

4

16 0.0233

17 0.0360
4

j 18 0.0467
a

19 0.0059

20 0.0114;

>

MEDIAN 0.0114

,
,.

It is concluded from the data provided that the unreliability of the TDI EDGs is within the bounds and ;

4

expectations of the regulatory guidance and other diesels within the nuclear industry.
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~ 5.0 SYSTEM UNAVAILABILITY

O
System unavailability has been reasonable for the TDI Enterprise engines since DR/OR as measured by

the INPO indicators. (The INPO Indicators are based on unavailability during power operations.) The

industry median (for all r ngines) is 0.0182. The median for the TDI engines is 0.0177. The following table

gives the unavailability three year values for the TDI engines in service for the period *

7/89-6/92:
;

INPO UNAVAILABILITY VALUES FOR TDI DIESELS

7/89-6/92

.

ENGINE UNAVAILABILITY
,

1 0.0175

2 0.0117 i

!

3 0.0179

4 0.0464

5 0.0385 j

:
6 0.0156

7 0.0113
,

I
8 0.0127

9 0.0416

10 0.0323

11 0.0673

12 0.0411

U 0.0439 j

'

O 4,

!'

l

.
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14 0.0142

- '15 0.0040

16- 0.0051

p..
17 0.0413

18 0.0152-

19 0.0182

20 0.0167

MEDIAN 0.0177

Recent industry events have focused more attention on unavailability of safety related systems especially

' the diesels during modes of operation other than full power operation. The above numbers reflect standard

industry practice of determining unavailability during periods of power and non power operation. Review

of data from utilities involved with this submittal, accounting for unavailability during outages would

substantially increase the median. As an example, assume an outage of 6 weeks for an overhaul on a

diesel. This would result in 1008 hours out of service and if this were translated, would result in an

unavailability of 11.5% for the year without any other unavailability factored in. In review of data from

utilities supporting this licensing request, unavailability numbers in the range of 10-15% would not be

uncommon with outage out of service time figured in. By not performing major teardowns, out of service

durations during outages could be shortened to two weeks and significantly reduce this unavailability.

. %. 4g
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The basis of the TDI surveillance matrix deals with preventative maintenance, monitoring, and inspections.=

The latter of this list is by far the largest contributor to the significant out of service times experienced in
,

outages. In addition the requirement to perform an overhaul every 10 years (a complete overhaul has not

yet been performed after 10 years of operation) will add even more to the unavailability of the engines

during outages. The overhaul frequency is discussed in detail in Section 3.1. This submittal addresses

a solution to reduce unavailability by reducing engins. teardowns and inspections. This will be accomplished ,

by more closely monitoring and trending the data the!is already being collected. Teardown and inspection

will be performed when indicated by the maintenance /monitonng and trending programs for the engines.

Acceptance of this submrttal will reduce unavailability and will comply with Station Blackout levels of

unreliability which will reduce the risk of core melt as noted in work that has been performed on Station

'

Blackout issues. Acceptance will also help these utilities prepare for the issues to be addressed by the

Maintenance Rule.

f
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TDI CWNERS GROUP

GENERIC MAINTENANCE AND SURVEILLANCE PROGRAM

APPENDIX - II

I INTRODUCTION

The purpose of this appendix is to provide the TDI Owners with a set of
maintenance and surveillance recommendations for diesel generator
comoenents which have been developed by TDI and/or the Owners Group as a
result of the overall Owners Group Program and including subsequent
testing and inspections performed following the review conducted by the
oricinal program. This appenaix is intended to enhance _-the existing TDI
Instruction Manual, Volume I and Volume III, which will maintain the
qualification of the diesel generators for the life of the plant.

II METH000LC3Y

Ouring the implementation of the Owners Group Program Plan, the Owners
Group Tecnnical Staff reviewed many sources of information regarding the
maintenance and surveillance for the diesel generator componentsidentified in this appendix. These sources included TDI Instruction
Manuals, Service Information Memos (SIMs), and TDI correspondence on
specific components. The basis of this matrix is formed by thefollowing:

Owners Group Technical Staff review of TDI Instruction Manuals,*

SIMs. and TDI correspondence on specific components.

Technical Staff input regarding the adecuacy of recommendations*

founa in sources mentioned above.

Additional maintenance recommendations identified during the DR/OR+

review and from 10CFR21 reports ana operating experience at nuclear
plants.

Resuits of subsequent testing and surveillance (i.e., Shoreham
*

EDG103 750-hour endurance run and subseouent engine teardown)performed following the review conducted during the originalprogram.

Additional review by the Owners Grouo representatives.+

It should be noted that this revision in some cases modifies the original
program results based on this additional information and review.

-

III RESULTS ANO CONCLUSIONS

Proper -aintenance is important in ensuring long, reliable and
satisfactery service of the emergency ciesel generators. Maintenance/~ work, in order to be effective, must ce carried out thoroughly and |()N

,

regularly. It is for these reasons that a detailed schedule of 1
1

II-A-1 Revision 3
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. maintenance serv 7 ce has been laid out by the Owners Group for the TDI
Diesel Generators, This schedule should be fcilowed as closely as theO operating cor. litions will permit. This maintenance service as specified
supersedes previcus general-maintenance requirerents, but is separate and
does not supersece Quality Revalidation and/or modifications previously !recommenced. The schedule details spec;'ic components requiring tmaintenance on a regular basis. This schedule separates the maintenance
activities into #requencies as set forth in the subsequently list of jdefinitions. '

Inspections, as outlined in this maintenance schedule, are to be
performed and par ts refurbished or replaced as reauired by the orogram or |

deemed necessary by the inspection. Any aaverse findings' shall be
investigated anc corrective action, incluaing amended inspection
frequencies, shall be implemented unless sufficient justification is

!present to do otherwise.
]
IThis generic matrix, Parts B. C together with Part D entitled..,

" Site-50eci fic Maintenance Matrix" and the sources defined in Section 11 l

q

form the TDI Mat ntenance Program. Note that ::mponent numoers t. sea in
the generic matr?x are for Texas Utilities' Comancne Peak Steam Electric
Station Unit ;. Part E provides a cross reference to identify-

corresponding comoonents for other engines. Also note that a blank in
the cross reference signifies that a component is not on a particular
engine and thus tnat Owner would not perform that maintenance item.

1Tables 1 and : of Part A provide engine operating and stancby
surveillance parameters and frequencies. It is recommended that the
utility address these tables in its operating - and monitoring programs.
Table 1 addresses operating parameters and is not - duplicated in the
maintenance schecules; thesa parameters are to ce recorded and/or checked
during the monthly testing and any- other peritc of operation. Table 2
addresses the standby parameters that occur on a daily frequency and are
not duplicated in the maintenance schedules.

I V '. DEFINITION OF TERMS

1. Overhaul Frequency

a) A complete engine teardown inspection will be performed - every 10
years. The utility has the flexibility to inspect :ne
engine / react:r unit at the EOC prior to 10 years and the 'other
engine at the EOC following 10 years. . Alternately for PWR units, )the inspecti:n may be performed coincident with the 10 year reactor
vessel inservice inspection. This will per-it both engines for each
unit to be cisassembled in parallel since :ne engine will not have'
to remain '- service with the reactor <essel of f : loaded. (Forreactor units having three engines. the inspections are to be
carried out s s above with the- third engine to be inspected at .tne
second EOC 'rilowing 10 years). The 10 year interval will typically '

be taken frem issuance of the Low Power Coerating license or from
subsequent tearaown and inspection for plants alreacy in operation.

II-A-2 Revision 3
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b) A one time inspection will be performed at the EOC closest to -five
,m years. For a unit, one engine may be inspected at the EOC prior to
(-

plant outage length. -(For reactor units having three engines, .the
five years and the other at the EOC af ter five years to minimize

inspections are to be carried out as above with the third engine to
_

be inspected at the second EOC following five years). This
inspection will generally involve the some components as the 10 year
teardown; however, only a sample of items for some components will
be iiispected as set forth in the maintenance schedule. During'this
five year inspection, any significant adverse findings of a
particular component will result in an inspection of all such
components of that engine to determine any adverse trends.
Favorable findings will result in reassembly of - the engine for
service. '

2. . Daily Frequency - To be performed once per day.,

3. Monthly Frecuency - To be performed once in a month; normally during,
before, or after test run per plant Technical Specifications.

4. EOC - (End of Cycle) - To be performed once during outage for re. fueling.

5. Alternate EOC - To be performed once every other outage for refueling.

6. Five Years - To be performed once at the EOC occurring neareit to the end [of a recurring five year period or at the EOC midway betweer, the one. time '

EOC 2 inspections and the first overhaul inspection and .ubsequently
midway between each overhaul.

7. As Required - To be performed as often as good n iatenance, site
procedures, manufacturer's recommendations, or experience dictate as-
determined by site personnel.

.

.1

8. Maintenance - Monitoring and/or surveillance on a ' periodic frequency to iassure the component will perform its intended function in a safe |reliable manner.
{
a

9. Accessible - Any item on which the required function can be performed
without disassembly of an engine component. Removal - of defined access ~
cover is not considered disassembly'.

10. Aopropriate NDE - Nondestructive examination selected by site personnel
that is most suitable tc, obtain the information sought by an individual ~;

_

inspection item; choice of NDE shall be made to assure that the technique
will detect indications consistent with the ' acceptance criteria.

.

O
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1

TABLE 1
. - -

I(). Diesel Engine-Coerating Surveillance Parameters and Frequency
~

Component Frecuency

1)' Lube Oil I'nlet Pressure to Engine Log ' hourly

2) Lube Oil Filter' Dif ferential Pressure Log hourly '

3) Lube Oil Temperature (engine inlet and Log' hourly
outlet)

4) Lube Oll Sump Levei Log hourly

5) Turbochar'ger Oil Pressure Log hourly
,

4) Cuel Oil Filter Differential Pressure Log hourly

7). Fuel Oil to Engine Pressure Log hourly

8) Fuel Oil Day Tank Level Check hourly
I

9) Jacket Water Pressure (engine inlet) Log hourly

10)' Jacket Water Temperature (in, out) Log hourly7-s
'-- 11) Engine Cylinder Temperature Exhaust - Log hourly

All (If temperature in'any one' cylinder
exceeds 1050 , refer to MP-022/023
Item 7.)

i

12) Manifold Air Temperature (RB, LB for Log hourly
OSRV Engines)

,

13) Manifold Air Pressure (RB, LB for Log hourly
OSRV Engines)

14)~ Starting Air Pressure (RB, LB for Check hourly
.DSRV Engines) |

.

15) Crankcase Vacuum Log hourly '

(
16) Engine Speed Log hourly-

17) Hour Meter Log hourly
-

18) Kilowatt Lead Log hourly.
~>

19) Visual Inspection for Leaks, etc. Check hourly

O
!!-A-4 Revision 3 |
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TABLE 2 H

7
t . Diesel Engine Stanooy Surveillance Parameters and f equencyr

Component Frequency

1) Lube Cil Temperature (in, out) Log daily
'

i

2) Lube Cil Sump Level Log daily

3) Check Operation of Lube Oil Daily
Keep warm Pump Motor

4) Monitor Lube Oil Keep-Warm Daily
Strainer and/or Filter
Differential Pressure

'

5) Derf orm a visual inspection for Daily
leakace of the Lube Oil Heat~

!Excharger. J/erify that no leakage
througn the leak-off ports of the
lantern ring is present.

,

6) . Fuel Cil Day Tank Level Log daily

7) Jacket Water Temperature (in, out) Log daily
'

8) Perform a visual inspection for Daily l

leakage at packing for Jacket Water
Heat Exchanger whenever the engine
is in the emergency STANDBY mode.
Verify that no leakage through the .i

,

leak c?f ports of the lantern ring
is present. '

,

:. -9) Verify proper governor oil level Daily ~I
:
i
; 10) Verify proper oil level of Daily
i aenerator pedestal bearing '

J' s
|- 11) Starting Air ~ Pressure Log daily
*- ::[ 12)- Drain air receiver float traps Daily

and/or drain Starting Air Storage '

Tank anc monitor the quantity of
;. moisture produced. If quantity of.

1L moisture is excessive, correct

I immediately.
) ..
i 13) Check :oeration of Compressor Daily 't
j_

.

-Air Tesos
i
'

,i - -
,

g. .

j. II-A-5 Revision 3
;-

Y
'

l'
#
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TABLE 2 (Cont'd)

Diesel Engine Standby Surveillance Parameters and Frequency ;

Component Frequency

14)- Test Annunciators Before Engine Operation
s
f;15) Check Alarm Clear Before Engine Operation
.f

16) Inspect-for Leaks Daily

,J17) Visually inspect intercooler for Jaily
-|external leaks . including intake

manifold drain connection. j

||
. '

s.

|

|

.\
'

.

@ .

:

:)

+ .)

,

..

i

3

-

.
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PHASE I COMPONENTS
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GEEEIC EllhT510CE NATRII - FEASE I
.

Coc;occct Cor;onent Allkctler Identification t'M Eectszer4ation . Innthly lic ECC 5 fear Oterhaul Cocnents
,

ncted. the er. tire ring assettly Any thrbochar e In htica
should te replaced. nc nle rin; ancewiles are

found is to be rettspected
at the natt EOC

,_

Nate. D1::centinue inept
tion with apptcpriate re-

| cesign.

7. O nitol inlet terperature to tLanituting may te pt- |ensure gas terperature does not fctred esirg perr.ane::t
exceed manufacturer's recor- In-line thertcconple.
mendation of 1200*E If exhaust strap-on therraccu;1e. test '

tecterature fcr any cylinder gun. cr cther sultatie '

exceeds 1050*F (Rett: Iable 1). reans that ha:: been

caI.topriatelytestedand1trated per plant pro-
ap-

Celurts.

Ible: Also perform 00:1-
toring any tire the engine ,

cperates in an trialanced
condition.

02-30M hse t.ssettly 1. Perform a visual inspectica of X lbte: Any cracks detectedthe base. The inspection nust be Investigatedshaald include the areas
adjacent to the nut pockets of further Leicre the engine

1s allowed to retu:n t: *

each bearing saddle and be service. Ite rating sur-
down of tte suita, c:;. u:;gh wipe f ares of ite t.a::e aai capcond acted atier a ttarou

inj shall le llutuughly cleanntg n! ligttir.g. with colvent before any
reassembly. ferfct; en EOC =

tasis for 3 cycles. then
overhaul provided there are
satisfactory results.

tbte: 3 EOC inspections may
be elimitated by performing
a s.etal analysis to confirm
consistent to class 40 grey

.

Iron requirements: pericrt- |
ing analysis does not ellri- '

nate need for overhaul in-
spections. 'I

f

Il-B-2 kevisim 3
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V
GENERIC MAINT11AJCE WATRII - ff!A2 i

Cocronent Component altlimber Identification I'M E-ndation kathly Em EDC 5 fear Overhaul Comment:

2. Inspect and ceasure the
X Cceplete TDI Inspectionconnecting rods.

Maintenance Record Ects 16.
340-2-1. -2 as acplicable.N:,te: Ferform Inspection and IDIInstrt.ctionhat:ual.teasure four ccnnecting rods Vol ue I. Secticn 6.far DSRVs and two for DSRs at

ranact at cne tire E-year
inspection.

3. Perform an x-ray examination on This is to be perfortedall replacement bearing shells prior to Installaticn cito acceptance criteria ,
develcped by Dwners Group any replacetent tearltg
Technical Staff. shells as required.'

4. All connecting rod tolts nuts. X Feriorm Incpecticn at L
and washers srculd be visually years. cn 1ters acces-
1::spected, and dama sible, consistent withshould be replaced.ged partsTr.e tolts Itet 2 of this carpenent.should be HT Inspected to
verify the continued
absence of cracking.-10
detectatle cracks should

rbe allowed at the root of
ithe threads. .

5. During any disassembly that tettore inspection, asexpotes the inside diameter of required and cn Itecs
a rod-eye (pisten pin) bushin;. accessible. consistentthe surface of the tushing with Iter. 2 of thisshould te LF inspected to ccrponent.verify the continued absence of
linear indications in the -

4 teavily loaded zone width +/-15
degrees cf the tottom dead-
center position.

02-340 A/B Connecting Rods. Eushings 6. Measure the clearance between To be performed at eact. DSWs and Bearing Shells the link pin and link rod. This reassembly of link pin toonly clearance should be Zero: 1.e.. link rod

.

114 4 kevastuu 3
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December 8.1992

Document Control Desk
Nuclear Regulatory Commission
Washington. DC 20555

Subject: TDI Owners Group
Generic Licensing Submittal for Emergency Diesel Generators
Conditions of License for Utilities with Enterprise Engines '

Gentlemen: ,

Attached please tind rive (5) copies of the subject submi'tal. This submittal is made on benalf
of eight utilities having Enterprise Emergency Diesel Ge terators (EDG) for emergency

~

,

standby AC power. These utilities are listed below with the respective plants they operate:

UTILITl STATION

Texas Utilities. Inc Comanche Peak
Entergy Operations. Inc. Grand Gulf
Duke Power Co.. Inc. Catawba
Carolina Power and Light Co., Inc. Shearon Harris
Georgia Power / Southern Nuclear Operating. Inc. Vogtle
Cleveland Electric illuminating. Inc./Centerior, Inc. Perry
Gulf States Utilities. Inc. River Bend
Tennessee Valley Authority Bellefonte

This Owners Group was formed in late 1983 following the crankshaft failure of an Enterprise
EDG at the Shoreham Nuclear Plant. A complete Design Review and Quality Review of
these EDGs was performed and completed in February 1985. The Nuclear Regulatory
Commission reviewed the detailed Owners Group Program Plan and the components referred
to as Phase I. (This Phase i program reviewed 16 major components that were selected as
being the most critical to engine operation.) Phase 11 was completed by the_ Owners Group.
but was nm reviewed in detail I;y the .NRC staff as they Sad concluded that review of the
Program Plan and Phase i of that plan provided sufficient justification for operation of the
engines in a safe and reliable manner. *

:
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. Document Control Desk
.O . December 8.1992
'O Page 2

The NRC review of Phase I is documented in NUREG 1216. This document also imposed ;

some of the findings of the review as conditions oflicense. It was noted in these findings that
many of these conditions were imposed due to the lack of operational experience with these
machines in nuclear standby service. Since 1985, over 9000 hours of operation have been
logged collectively by TDI engines, While a few problems have been found. the program has
served its function and has increased the reliability of these machines. In addition. many of
the survelliance items that are in place have proven to be at effective as inspection for-

irevealing a potential problem. Using surveillances in lieu of inspecions will also contribute
to decreased unavailability especially during outages.

This submittal presents background on the relevant issues for the Phase I components and the
history collected over the past seven years of performing teardowns and inspections required
by NUREG 1216. The conclusions drawn from this data are also presented. It is
respectfully requested that the staff review this information by June 30,1993. and permit the
utilities listed above to remove these prescriptive teardowns and inspections as licensing
conditions to give the utility the flexibility to determine the best way to monitor engine !

condition while maintaining reliability and reducing unavailability.

Correspondence concerning this issue should be addressed to C. W. Hendrix or R. C. Day,
i

Sincerely./
m// p|

'[ '[ 1@
. __LB-George j/ [y CW Hendrix
~

Chairperson Proiect Manager
TDI Owners Group Duke Engineering and Services. Inc. ,

RCD /pja.017

Attachment
,

i

1

!

.
_ _ _



a a ame4Ae J., du b_-mi.4'-E,4 7= M e,sd --mM .* aem*J e nL ded .Ei,a-dsm- sW+M -- -**.A=,a E,nWA.e,.,pd a b .e4ga .a a,.,egj A 4,,44 4.d N_.,.:...a 24m4 a3 m.

-e ", (

, p- !

; y,'.' .I -~ '

L

.

E

i b

6 .+

}

'

!
,

|| 'r

I

/ :

,''1 i .

!'
er

, i
'

J
.t

)
4

4

s

' &

r
1

i _5
4 i

*i
. *
h

?..

1
- f

'

s

!

'l

$

'
#

APPENDIX B ,

4

i 9
'l '
) s

t

!,

.

G

#

3

!4 i

i

4. .

h

o

. -

i
1

+

b

i

e

'

.

.

.

"

l

!@
.
e

9'

.

, - -

',
e4- -ne,,4 *u--, -- .s-. w-, y.*ue=e-wwa ---e'wmi'weupw e m. w..- w--m'=or+mer7* men w e M-e rsyv-E'>r"ivrm''' s ?-P-- WP''-'ruaret & :D m yg h Tr ridi'1r-"" $



%

APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME N O. RECOMMENDATION INSPECTIONS

N O.

TURBOCHARGER MP 022/023 1 Note 1 No problems found.

2 50 No problems found.

3 87 No problems found.

4 47 Bearing wear has been reported. This wear has been
dispositioned by the vendor as being within acceptable
limits.

5 47 No problems found.

6 60 Vogtle and Grand Gulf have reported broken or missing bolts
passing through the rotating element without identifiable
degradation. Vogtle, Grand Gulf and Catawba have reported -
missing stationary vanes without identifiable degradation.
Missing or damaged items were replaced.

7 Note 2 Performed on each test run.

Note 1: Inspections performed monthly. The number of inspections are greater than 200.
I I I I

Note 2: Performed on multiple occassions during test runs. A large data base exists.
I I

Reference Attachment 1 for Phase I Components 11/30/92
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

!

!

| COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME NO. RECOMMENDATION INSPECTIONS

NO.

CRANKSHAFT 02-310A 1 188 No problems found. Inspection is number of hot and cold
deflection measurements taken.

2 67 Inspection is number of oil holes inspected. Upon bearing
rollout to perform inspections, River Bend has experienced
minor cavitation, including pitting on bearing surfaces.
This was evaluated and dispositioned as not a problem. The
bearings in question had performed their function and
could continue to operate withouy adverse effects. Bearings
were replaced as good engineering practice.

3 42 No problems found. Inspection is number of fillet and oil
holes inspected.

4 35 No problems found. Inspection is number of crackpin
journals measured.

5 Note 1 No problems found.

Note 1: Inspections performed monthly. The number of inspections are greater than 200.
I I

Reference Attachment 1 for Phase I Components 11/30/92

Page 4 of 14 '
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

LOMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME NO. RECOMMENDATION INSPECTIONS

NO. ,

CYLINDER LINERS 02-315C 512 Number of inspections represent number of liners
inspected. Vogtte hus reported light and moderate scratches
with bright spots and carbon build-up. This has been
evaluated and dispositioned as acceptable.
Grand Gulf has found indications of porosity. The liners
performed as designed and were dispositioned as
acceptable, but were replaced as good engineering practice.

Reference Attachment 1 for Phase 1 Components 11/30/92

Page 6 of 14
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME N O. RECOMMENDATION INSPECTIONS

N O.

CONNECTING RODS, 02-340A/B 1 42 Inspections indicate the number of connecting rod bearings.
BUSHINGS AND River Bend has reported some cavatiation induced pitting.
BEARING SHELLS The bearings remained capable of performing as dedgned,
(GENERIC) but were replaced as good engineering practice. The oil

analysis did identify bearing material in the lube oil prior
to replacement.

Vogtle has found three shells with evident wear and/or
indications. These shells were evaluated and dispositioned
as acceptable. They were replaced as good engineering
judgement.

. 2 36 No problems found. Inspection is the number of
connecting rods examined.

3 NA See Referenced submittal to NRC, Attachment (?)

4 89 No problems found. Inspection is the number of
connecting rods examined.

5 34 No problems found. Inspection is the number of
rod-eye bushings examined.

6 71 No problems found. Inspection is the number of
connecting rods examined.

Reference Attachment 1 for Phase I Components 11/30/92

Page 7 of 14
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME NO. RECOMMENDATION INSPECTIONS

NO.
_.

. . . . .

CONNECTING RODS, 02-340A/B 7 20 No problems found. Inspection is the numbt If rack
BUSHINGS AND teeth examined.
BEARING SHELLS
(GENERIC) 8 73 No problems found, inspection is the number of sets of rod

teeth examined (required for new or replacement rods).

9 296 No problems found. Inspection is the numoer of
connecting rods exanyined.

10 20 Inspection is the number of connecting rods examined. Vogtle
found 1 stud bolt missing. This was evaluated and dispositioned

11 20 as acceptable. No additional problems found.

12 20 Inspection is the number of connecting rods examined. Vogtle
has found 1 indication in a hole. It was evaluated and
dispositioned as acceptable. The rod was replaced as good
engineering practice.

Reference Attachment 1 for Phase i Components 11/30/92

Page 8 of 14
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME NO. RECOMMENDATION INSPECTIONS

N O.

PISTONS O2-341 A 1 39 Inspection is the number of pistons examined. Grand Gulf
has found 3 piston pins and plugs to be slightly loose. This
was evaluated and dispositioned as acceptable. The plugs
were replaced as good engineering practice.

Reference Attachment 1 for Phase i Components 11/30/92

Page 9 of 14
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME N O. RECOMMENDATION INSPECTIONS

NO.

CYLINDER HEAD 02-360A 1 151 Inspection is the number of heads examined. Vogtle has
found minor pitting and nicks in 4 valves. This was evaluated
and dispositioned as acceptable. Perry has found 2 exhaust
valve seat cuts. Performance was not effected. This was
evaluated and dispositioned as acceptable. The heads were
replaced as good engineering practice. River Bend has
found problems with swivel pads. This is discussed in
Section 3.12

2 Note 1 No problems found.,-

3 Note 2 Mist has been detected on several ocassions, leading to a
in-depth investigation as to the cause. The results are
incorporated in Section 3.12 and PM Recommendation No.1

4 Note 3 Inspection performed each run. No problems found.

Note 1: Inspection performed each EOC and more frequently by several utilities. This inspection collectively amounts to greater than 200 inspections.
I I I I

Note 2: Inspraction performed prior to each start and collectively amounts to greater than 200 inspections.
I I I I

Note 3: Insptctions performed monthly. The number of inspections are greater than 200.
I I

Reference Attacnment 1 for Phase i Components 11/30/92

Page 10 of 14
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS

NAME NO. RECOMMENDATION INSPECTIONS
NO.

FUEL INJECTION 02-365C 1 Note 1 Minor fitting leaks have been found and repairs are made

TUBING as leaks are discovered. Catawba has examined 1 tubing
failure of unshrouded tubing due to vibrations. River Bend
has experienced 1 failure of the shrouded tubing due to the
fuel injection pump base cap screws failing. The tubing was
replaced and the engine restored to service.

2 Note 1 Same as for PM Recommendation No.1

Note 1: Inspections performed monthly. The number of inspections are greater than 200.
I I

Reference Attachment 1 for Phase i Components 11/30/92
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME N O. RECOMMENDATION INSPECTIONS

N O.

ROCKER ARM 02-390G 1 551 inspection is of rocker arm sssemblies. No problems
CAPSCREWS, found.
DRIVE STUDS
(POP RIVETS) 2 551 Inspection is for rocker arm assemblies. Two pop rivets

have been found missing. One each on the River Bend EDGs.
Result was no degradation in EDG operability since oil flow continued
to the required locations. Grand Gulf has found
bearing wear. An evaluation has dispositioned this as normal.

Reference Attachment 1 for Phase I Components 11/30/92
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME NO. RECOMMENDATION INSPECTIONS

NO.

JACKET WATER 02-425A 1 22 Inspection is for pcket water pump drive gears. Vogtle
PUMP - GEAR has found gears with minor pitting. Grand Gulf has found

gears with excessive wear. Vendor has a proposed
modification to allow easy removal of pump for inspection.
They are also evaluating the gear design.

2 8 Inspections are for the number of verifications. No
problems found.

3 1 Inspections are for the number of verifications. No
problems found.

Reference Attachment 1 for Phase i Components 11/30/92
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October 31, 1991

Mr. P. Om Chopra
Office of Nuclear Reactor Regulation
Electrical Systems Branch (MS 7 E4)
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Re: Cooper-Enterprise Clearinghouse Group
Diesel Generators
Position Paper on Radiograph Requirements

for Connecting Roc 3eartng Shells
File: MTS-4086

Dear Mr. Chopra:

Enclosed is Cooper-Enterprise Clearinghouse Group's- position
concerning the current radiographic examination requirement for the
diesel generator's conn e ctinct rod bearina shells .as detailed in

b Appendix II of the Design Review / Qualification-Revalidation (DR/QR)
Report. The position paper provides the necessary technical
justification to permit elimination of requirements to inspect
replacement bearings shells by radiographic techniques.

The Clearinghouse Grcup :s requesting relief from the radiogrspnic
examination requirements because the bearings supplied by ~ Cooper
Industries are presently being manuf actured by Federal-Mogul, . rather
than .the former manufacturer / supplier, ALCOA. Federal-Mogul
manufactures their bearing using a centrifuge proce ss , a' more -
advanced method than the static mold process used by 'ALCOA. The
centrifuge process eliminates the potential for void formation and
therefore radiographic examination is not required.

The Clearinghouse Group requests you review'the enclosed document.
and based upon the technical justification provided, determine-on a
generic basis, that the current radiographic requirements are not
necessary.

Response to this. issue by January 21, 1992' will be greatly
appreciated by the clearinghouse anc the individual utilities'

members. Should you have questions, please direct- them to Rick'Deese
at (704) 875-4065.

'tO
V



r.,

Mr. P. Om Choora
/ October 31, l'991
'% ) Page 2 of 2

Very truly yours, j<

,' j' ~>

R. D. Broome ~. B' Ge r e
Project Manager Chairperson
Cooper-Enterprise Clearinghouse Cooper-Enterprise Clearinghouse
Duke Engineering & Services, :nc. TU Electric

RDB/VMA/100991

Enclosure
.

!

cc: E. B. Tomlist- MRC)''

Clearinghouse Representatives
R. J. Deese

.

O

- - _
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7' POSITION PAPER FOR RADIOGRAPHIC EXAMINATION OF
. CONNECTING ROD BEARING SHELLS (02-340B) FOR

ENTERPRISE DSR-8, DSRV-16 AND DSRV-20 ENGINES

Purcose

The purpose of this position paper is to provide sufficient
technical justification to permit the elimination of the DR/QR
Appendix II requirement to inspect replacement bearing shells by
radiographic techniques.

Backaround

During the period of 19fi3-1985, thirteen utilities formed the TDI
Owners Group and contracted Duke Management and Technical Services,
Inc. (now Duke Engineering & Services, Inc.) to perform a Design
Review and Quality Revalidation (DR/QR) of the TDI engines
following the crankshaft failure at Shoreham.. A portion of this
review focused on the connecting rod bearing shells. The
experience based review of this component revealed a very small
amount of bearing failures. These failures were attributed to two
causes: (1) inadequate clamping force in the connecting rod

q assembly due to inadequate pre-load of the connecting rod bolts,

'Q and (2) potential voids and/or impurities induced into the bearing
during the casting process. These two items were corrected by:
(1) increasing connecting rod bolt pre-load, and -(2) performing-
(NDE) (radiography) of the bearing shells to detect voids or
impurities.

Technical Discussion

The original bearings reviewed and supplied by TDI were cast by
ALCOA in static molds. These castings were taken by TDI, machined,
electroplated with babbit, and then re-machined to final
tolerances. Cooper Enterprise (formerly TDI) has informed the
nuclear customers that they will begin supplying bearings purchased
from a sub-supplier, Federal Mogul Corporation. These bearings are
cast via a centrifuge process that is superior to using a static
mold in that the centrifuge assures a more uniform placement of
equal density material.

Attachment 1 from Federal Mogul offers more details on this issue.

Material Testino

Federal Mogul performed radiographic inspections of bearing shells
cast-by the centrifuge techniques. These radiographs exhibited

es dark spots or " ghosts". Several bearings containing- these

('
images were the result of either (1) material with columnar grains
indications were sectioned and metallurgically examined. These



as opposed to equi-axed or (2) slightly lower tin content in the
columnar grain areas. The results of the metallurgical

. O). examinations concludee that the metal in these areas is equal to( the remaining material in mechanical properties; and therefore the ,

shells will perform as required.

Cooper Enterprise has purchased and installed these bearings in
several non-nuclear engines. Theses engines have accumulated
thousands of operating hours without failure.

Recommendation

Due to the manufacturing change that produces quality casting and
f avorable operating history, it is recommended that the requirement
to radiograph connecting rod bearing shells be deleted. Note that

Cooper Enterprise concurs with this recommendation (see Attachment
2).

O

.

1
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ATTACHMENT 1%

Ccocer E e~ v ? /N 02 340 04 AG: Beariner Refecred bv Radiceraohv

Abstract

Bearings rejectec by Cooper Energy (25 pcs.) were examined using meta!!cgraphy,
microhardness, and SEM/EDS analysis. Conciusion is that dark spots in radiograph

(normally indicative of lower density material, porosity, or oxide inclusion) are in this case
due to one or bod of two possible causes: either (1) small patches of material with
columnar grains as :pposed : equiand, or (2) slightly lower tin contem in Wese columnar
grain areas. Consu.:nion with a radiographic expert confirm -hat de columnar grains cc-
:ause such an effen m the ratiegraph. A!! metailurgical tests indicate that this metai .:
equal in mechanim! groperties to the equiand grains, and derefore predict Wat parts wi;;
perform acceptabiy in service.

Ccov m: B. Bridgham, D. Pazuk, A. Sparks, R. Moore, D. Jackson, R.' Occhier,
G. Pratt, J. Jones, H. Gibson, W. Cook, Ann Arbor File

D)$

V File tinder B 850, Mooresville, Cooper Energy

immdued -

Cooper Energy pur=ases heavy wall B-850 bearings from Mooresville for gener-n t.s:.
When requ: red for special applications, the bearings are inspected by radiography, prior ::
use, by an outside lab, on behalf of Cooper. As of April 11, 1991, Cooper reported u.
Mooresville that dey have approximately 25 bearings which they are rejecting due to
indications found in radiography. The defect in radiography appears as a fuzzy cark area
on the radiographic film. The dark spots appear sporadically, but are more prevaient en
one half of the bearing than the other (in other words, the prevalence differs between the
top and bottom half of the part as cast.) Unfortunately, there is no way to determine once
the part is machinea, which half was the top and which was the bottom. Normally a dark
patch in the radiograph would indicate a low-density area such as porosity, oxide inclusion,-
or lack of high den:ny phase (in this case tin).

-

Discussion

On April 11, a team consisting of B. Bridgham. W. Cook, H. Gibson and the . writer

h' attempted to determine the cause of the dark spots. What we found was that the dark spots
corresponded to small areas of coltunnar grains in the material. Figures 1,2 and 3 show''

cross sections of the bearing wall, heavily etched with Keller's etch, to reveal the' difference
in grain structure. In all cases, the columnar grains appear near the ID of the bearing.



.

FEDERAL MOGUL TECHNICAL CENTER'

Engine and Transmission Predu::s
April 16,1991 #91-04 Page 2

h"| However, it should be ac::d :ha: aven though i:is near the ID of the part it is closer to the

OD inan m the..ID a: ::: un::n:sned cas:ing, as :here is far more materia! remcved from
the :,D than the,ot th: casting during bear:.ng nanu:acture. rigures 4 and : . snow tne actual.

. . .

grain structure, as heavily Keller's etched. I: can be seen that the columnar grains are much
longer :han the ecuiaxed gra:ns in the lengthwise direction, but possibly a btt smailer in the
shor: direction. An attemp: was made :c characteri:: the difference between the two
struc:ures.

SEM/EDS studies reveai very little difference in chemical composition b:: ween the two
regions. Tin content, the most hkely ma:erial to segregate and cause a difference m density.
was found (semi-cuantitatively) :o be 5.5% in the eauiaxed area and 5.1% in the eclumnar
region. This small difference probably does not fully explain the dark spot in the
radiograph. However, in a paper entitled Reanime X ray Reveals 3cma Information
(attached) by Mr. hmes L Wheciis of Magnailux Corporation (Chicago Offi:a), :t h
descr6cd how the aoncrmali: ice. in radicgraphs (he terms : hem 'Ghest Indicanons') similar
to those we see ner: an be caused by differences in grain structure. It is .;; known which
of these two effec:s con:r:butes more to the observed dark c! cuds in the radiograph.

Mictchardness (Hv 50 gram) traces were made neross the cciumnar r.r:a. A panoramic
photo showing the a::nal inden:ations is seen in Figure 6. Results of the microhardness
tests are as follows:fm

b
] Ecuirxed |

!, -
Eauiaxed ! Columnar

( l

Position Hardness, Positicn Hardness, ! Position ' Hardness, !I

Hv Hv ! | Hv |,

1 | 62.7 ! 7 | 63.7 | 11 | N/A' |

2 |, 68.3 ! 8 | 67.0 i 12 | 53.2 !
|

3 | 57.5 9 | 72.5 ! 13 | 71.9I

q

| 73.8 | 10 | 76.3 | | |I

|
4

5 | 76.5 ! | | |

6 64.0 | | 'Unsucceasful test |

Note: All readings are within specificadon cf 50-75 Hv.

.

>i
-\j '

.
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a 1

Furthermore, one microhardness in eacn. area was taken with the 1 kg lo:d. This Ioad |

a

wouid be less subjec: to extremely !c:ali:cd aberrations such as grain boundaries and
m:c:c;crosny. Results are as foi!cws: ,

Ecuiaxed: Hv 60.3

Elonga:ed: Hv5SA j
l

The e:fference between these two numbers is deerned to be insignifican: |
!

In :h:s study, no definite reason for :he areas of different grain s: rue:ures could be~ |

ascer:ained. The most plausible expienation is : bat the small manifes::uions of columnar
'

igratns represent smail parcels of ma:erial which froze either on the bo::cm of the mold or
on :ne s:dewalls pr:or to the beginning ci maid ::::::on. When :he m !d began rotating, .|
:he s:n:.il pieces of ficaen mater:ai (with columna: 3:ructure. since i; i ::e :n contact with |

the c !d surfacci was washed away and ended uo in i:s final resting poim approximately 15 4

mm from :he cas:ing OD. In orc.-er :::est tnis tneory, a section was mace :hrough a rough |.. -
'

casting (unmachined) at the bottom. I::s snown :n ::gure 7. The grain s: rue:ure revealed
can be seen to be the same columnar struc:ure which was seen in the cuestionable areas.

! |

This ! ends credibility to the proposed :heory. ,

.g
V Coretsion-

.a

The carx patches. appearing in tce r:diograph consist of met::i with columnar grains asi i
,

appc5ed to ec .iaxed grains. The :ciumnar grains may be slightly lower in tin content. |
'iMe:;nurgical :es:s indicate : hat this me:al has mechanical oronetties favorab!v comparable

-
- . 8

-

:o du:: ct the surroundm.g metal. . aere:.cre the appearanceot these dark patches on the
.. '

l

radicgraphs is not cause :o scrap the i:carings,

,= .

g w hi |
,

W. J. Whitney
i

I
i

:l

OG -

a

!

7
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Abstract:
.

A radiographic phenomenon, t e r:n e d " Ghost indications", which
appear to be but are not necessarily rejectable defects, is
described. The ambiguous nature of these indications can result

'

in a sound structure being rejected, or unsound structure being;
placed in critical service. ,

,

,

i

The =echanisn of the occurrence and a means to differentiate !

between " ghost'' and true indicatiens is explained. |
/*'% |

* * *
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History: Page 1

The " ghost" or x-ray diffraction phenonenon has plagued the
,

radicgraphic inspec:::n business since crystalline structures
were firs: radiccraphed.

G6neral knoJied;a : the a::is .an ca of this phene..enon coupled
with e:t t a ns ive dec:ructive varification, has allowed some very
expurianced radi ogr a ph-a r s te make judgment calls in noneritical
araas. An ascellent paper was presented in dateri'l Evaluations,
Dec., 1965. Runmel & Gro; cry 'Ghosc Lack of .eusion' in"

Aluninum Alloy But: Tusion '4 s i d s " , dif f erentia :ing " ghost"
indications from : rue defects in a specific inspection
application. '

>

The increased use of e::0 tic especially ecppar bearing aluminum
and high nickle) alloys incransas tha n u = re r and severity of
diffrac:ad indications. Diractionally solidified and singic
cry: : 11 s tru::ar: 0 are nearly im p e s c i b l .: to rad i o Jr-2 ph i : s ily
inspec: without vary costly and time consu::ing techniques.
Today, due te these linitat.cas and tha .sxter:mi,1y critical nature

c of the air transper:2 tion indu:try, radiographers are justifiably,

f reluctant Oc make ;udgment calls. A mothed which would assist' *

the radiographer in confidan:ly dif f erentiating " ghost" from
rejectable indicati:ns, could lower s crap rates whila assuring
that truly r 4.actabl a part: de n e ; r e a c h c ri '.e ?.1 s i r ti : e .

Obaarved Phencmenen:

'" 5 * cp.arit:r -! th! Ra al . : 4 :li r : f o . :s 1 s. .- E u r . :r can
15 ; .a c: ;l:n

. , . .' :.': 'C i l e r - , N . .- ~ h . r l I. n : 1 ?,:.n r t*t " :. .i s' : <: i '; %:,.

a2 . ..,. f (. 2 n . :. , . . . . . . . . . , _ , . g ..4:. . . . . . . . . ..._..i.. .)
.. . . . . . . . . . . . . , , ,, ,. . . . . .. 4 . . . . . . . .r .. .. .leu ::-r ?.y d ;n.:i;y a p p ).s - h r o "ty n n :t the ina ?. r1nrJ in ; i Om hCy

.

solrtenas ;;: n.sr?ly i a fined indi : s t ion:: .

NC':'O Uhila indica tien:s ar s ':;uit.1 e v idis n t on F..a .c :. ,t.eni cr. '

fideli:y. nega tes reproduc tica
,

This unusual pheno::enon was nearly always accompanied by:
1. A mottled background to the image.
2. A dull thud in the traditional tap or " ring ' tese, i.e., an

audible Acustic Emmission indicator.
3. Poor ability to hold a sound weld repair..l

s -

v

_ _ _ _
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IA window was cut from a part displaying this gho.9:in; and was "

replaced wi:h a piece of new material so that a direct ::=parison i
could be ande. <

|

* ':: e n re-inspection of :hs windowed pnr:, it was cbscrrad that i.

the new ma t2 rial displayad neither the nottled backereund nor the '

*ghest" in di c a r.i c ns . Furtner investigstion revealad that -

the ghese images did not cve in c ec:dina t. ion wi th par: motion.
When viewed dynamically, the indic..ti:ns moved oppos :a to the i

part motion: 1.e., if the part was =0Vad from tha left to righc,
the indicat:ons would move from the right to left; if :he part
was moved up, the indica::en acved down. This "antim.::: n" made
:P ccvious tha: the indi:stiens were diffracted ::-ray pat:ern:
ra:ner :han defect indica:::ns.

To fully understand these observattens, a study of the material
and the mecnanism o't x-ray dif f raction was undor:aken.

Haterial St.:dy:

p A section Of tha part containing both original and new na:artal
- was removed for analysis. The chemical analysis shewed little

deviation fr0m :he Hastelloy X* analysis supplied by tha allcy
vandor. Cabot. It was noted that t h .: sulfur cent:. of t h:2
surfaca ana'y21s was a facter of 10 times hicher c- the old
material than either One vendor analysis or :he ne9 matarial
analysis,

aft,r fi acuu:si.:n with Ucr:hm.. p arrenn r i s o t r.c.:.n : .n: :-in:. :n va

r > a.:n sc :hr.: : h.: incr2a.21 in salfur : >.:n t a n : :cul i *:.2 3'.2: f C1:
t h.t stri.:p:.nc pecces- used to renova -ho h<st racis .i m ::itinc
durine recrh. The nnin wapenent of tha s ". r i p p i n - bath is
:ul:;ri? s e .l . e:o:sssive r en: ion c f s t:rippi te so;uti:n ;r peer:
neutrali:ntion r.ay acccun f:r incro ase.1 sulfur ean;en:.

On closer coservation the surface of the old material shows an
extremely rough appearance. (Photo 1) The open and saw-tooth
appearance of the cracking clso indicated a large grain presence.
These observations were supported .with a 500x view of the same
surface (Photo 21. This view shows very- large grains and-severe
etching at the grain boundaries. Some grains appear as if they-
could be lifted from the surface. When compared to the.new
matorial at 1000x (Phote 21. the evidence supporting the high
sulfur content theory is conclusive. The extremely large grains -

N also. indicate that this part was not properly annealed.
.

.

,
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Tha cpen boundarias would accoun: for :he mottled image, the
dull ':nud' in tha tap or ring test, as well as the ' in ab1:.ity to
hold a gecd weld repair. The ghosts in the image ar: a result of
the x-rsy beam Oeing :iif f r:cted fr0m the indices of the large
grain s .ruc ture . In this esse :ne appear w.ce of any "ghos ti..g"
is an indicati:n of,pcor or no Annealing and is causa for
reject; n on :s cun. This information in itself is an s

unaxpec;ed bonus for the r:al:i.- e inspection. Yat. the study.of

the x-ray diffraction phenenenen also revealed mere universally
use sbla inf err.ation .

X-Ray Oiffraction .

The ?.u - .e l / G r c ; 0 r y paper as usec as basa point := c:udy :u
dif f rac;.cn nachanism.

.

.r.. .
..- .v. . . 3 ., . - , . . , . . . . . .. . _ , ,

. . . . . . . - . . ...

Whun a bea: of X-rays s:rike a
crystal. par. of the beam is
t r a n s m:. t : e d . part af the baam is

n
( scattered. Cna of the meche.nisms
b for X-ray s c a t t erin g is by

diffraction fron: the esme manner as
a gr::ine d i f i r ?.c c a ordinary light.
Now, if a s e r : -t s of crystals
(crystal 1tta planasi are properly
oriented with r.: pec, to 4, X-ray
besm, a "f:.: sing" aff2:t w t i '. bo
<-52- >.<.' v. . . . > .$.*.".~.....- * a. .v.s.. . . . . ..

! 2r- cf 3 i t. r > h t r.d (pre 7 '. n ! 9;.. .

HOT 2 '' al .1: : . f 71.- :r : :'

. .
,

T !:in ; : P. t a cla:31ra' ly ::.tr act w::p Lw.a s ia n and cr.ic u - i! 6. r/.

and a pplyin:; 1* to ( n .s .i c s t r .' a d phenomenon left onJ of ~. * f o '
conclusions. Either the original observations were not
d:ffraction related or a muca moro complex mechanism is
occurrin;r.

Close conparison of Fig 1 and the recent observed conditions
revealed several differences.

.

1 "Ohose lack of Fusien: in Aluminum- Alloy Butt Fusion Welds
Ward Ru=el and 3.E. Gregory Material Evaluations Dec 1965 ,

f

%

.
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1. With fiin radiogr phy, the sourca-to-oc:act distance was

suf ficien:ly lonc to assume near parallel incident . rays.
With Micr focus ?eal::me X-rsy, the sourca-to-objec:
distanca was under 5 inches and the divar;ance of the ::-ray ,

Daam mus: be considered
. .
.

2. With f ilr. radiograpny :he ob; set-::-film distanca is always
. ..

kept to a min., mum, pr a t.sr icAy zero.
With Raal:i..e Microfceus, tha image plane-to-obiect dist2nce
was 15 inches or a 3:t projection racio. The travel
length of :ne diff racted ray must nov be considered.

3. We ld inspect:.:n %s a linear ar:a of interest. n this case~

the diffracti:n phenomenon could censider Only thos2
indics:icas appearinc parall: i to this weld.
Burner : a.n in s r. e c ':i o n :. concerned v . .n an y. :.n d t c a *. : n
in any a.':is and the diCfracti0n pinnes ar3 Cor.pl6CalY random
with no~ preferuarial alignment.

( Grappling with these differences, at 1.1ngen with scratch pad'

and pencil, lend o the undarstanding that the mechans.sm

h.sd not changed f.? c m th+ classic prrmn'.4 tion (Tig 1), bu t -
had .ul.ipliad :. s sartables such that it w,ss very difficulr.
to c o n e .s i v e a gr aphic r e c r o n a n e. a . i c a to deptet.such

~

varLaoln .

An Au M :vJ F, t v;n :. :: C..me . :a r in_ g n enw :, - r 3 : - u!
.

shtr- w rk .s f :h. ; . :: c: :h t . J. . ! sa 10 1.17
# #-*c hani 1%st:h:2. Only 'd h 'i n 311 thd. f r u s t .a c .n ; h -"- -

v tri 3hl e s were 1s!i cu; ind ra .1 i p u l s :.! 'a a s a " r 'a +
,

un ia ra tading cf *ht g s c r.e t r '. - r .3;di in! rN A ~ ;On'~

.

concuived. An un.iers:anding of :his phenomenun 1.: ids tc tu.s
ability to test conculsively whether any indica t ion in any
material is caused by x-ray dif f"ac;i n.

' ,

( |<

1s -
.
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,
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G_.tcmetrZ of X-raz CiffYse-109
- '

o

T1;ure 2 is a graphic r e pr as en t a tion o f observsd_ realtime
geometrf. Here, bar divergence and s our c a- t o-c o j a c t- t o-imag.1
plane relatien3n:.ps are ta.v.un nto considdration.

To clearly undera tand' the cnttmo tion phenomenon,- we mus t concidar
an individual r:y trace. From Theorv of X-re"L Dif f r:: tion in-

Cr"otals ( W.H. Zachariasen, pover Fuelishers, publishad 1967),
we accept the given : hat the diffracted b e a r. vill e:ti t the-
indices at en equal and opposite angle to the entranca of the
ine: . don t or primary ray. Using this given, we can new look at
cne event (Fi;ure 3;, in tha A positien, then .movin; only the
diffracting indic::: :: the 3 positi0n. The r2sultin;'Opposita
snitt of the di!! rte Od beam now supports thi: " an ti-ac tion" in
the observed realtine :(-ray image.

Evan r. ora incarasting is tha affact of varying tha Objset-t.t-

1.aqa plane distance. f the rse.io of sourca to ocj6ct vs cbjact
to imago plane is 1:0. equal motion occurs. If the ratic is
1:1, no motion is apparen in tha dif f racted indication whan thefS

(G object is moved. At 1:0 ratio. oqual but opposita motion occurs.4

Displaying this in three dimensions (Figure 4) thus cecounting
for the cone of divar;ent radiation and the v.irtical sn1 Jiagonal
atfe.cte can be comprenendad.

C .:n c i':.: i cn :

. e s .t . . a , . ,. .. . a .2 u. . . , . . ..n.t. .,..,.: ,, ., ..s ..,c..,..,. ,

. . . . . . . . . . . ... .a . . . . . . .. . . . . . . . .. .. . . . . . .

r s . l ti.:e : - r r! :. .w in ; aquipment can :oncluaivul7 ictat!!y
.itffrv:t.ica o n. n c.: + ne . . 37 varfic; th4 ns . : ion un.te kccvn

geen=crics dif f wt ed indic'tio J.;a u r :: i - : c -c b " t : t - t e:- t:tiga :lan.s t

vill vary in a pradi::tacle man,er.

Whan usinq an x-ray source of sufficiently small focal spot to
allow some variation in object-to-film distance, a film
radicqrapn could be resno to confirm the origin of suspicioits
indications.

D ,

\ ,

*
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ATTACHMENT 2

V
CPSES 9117826
SU 910310
July 15, 1991

TO: J.B. George

SUBJEC*: Radiography Requirement for Enterprise Bearings

REFERENCE: DR/QR RReport 02-340 B
.

Referenced report, prepared by a consultant to the owner's group,
suggests that TDI bearings will be acceptable provided they pass a
radiographic examination performed by that consultant. This study
was initiated as part of the owner's group effort to qualify TDI
diesels and included such events as discovery of cracked connecting
rod bearings at Shoreham in 1983, and reports from TDI Vee Engine
owners of cracked bearings. Portions of this report have not been
endorsed by Enterprise as discussed below.

/~'
Bearing.shell cracking has never been a problem in the in-line
engines such as used at Shoreham. It has always been our
contention that the cracking noted there was caused by use of
connecting rods with an extremely large bore end chamfer, which
allowed the bearing ends to be unsupported, combined with
sianificant engine overloading. The con-rod condition was corrected
immediately. No more cracking occurred.

->

Vee engines in those days utilized connecting rods assembled with
what we now know was insufficient fastener preload, causing |

excessive flexure, or micro-distortion of the big end of the rod.
This condition caused the highly publicized con-rod rack tooth
fretting phenomena. Of greater importance' however, was the effect i

of this flexure on the rod bearing, especially if that particular !

bearing was brittle, i.e. of extremely low ductility. Most of the
failure analysis studies done at Enterprise on bearings which !

cracked for no immediatley apparent reason reported bearing shell
elongation numbers either nil or less than it. Some had regions of
casting porosity on or near the crack surface., but most did not. I

I

O
1

:
e
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TDI supplied bearings made and plated in their factory from
Aluminu=/ Tin castings made at Alcoa in Cleveland. These castings
were statically cast in a per=anent mold and, from time-to-time
exhibited less than adequate mechanical properties. Porosity was
also someti=es a problem, and resulted in inability to
satisfactorily electroplate the lining on the piece, easily
detectable in the plate. shop. Note also that pores as small as
.010"/.020" were easily visible. In no case would pores of .050"
allow plating to be acceptable.

;

In the early 1980's the f astener preload on Vee Engine con-reds was
significantly increased. Rack tooth fretting, while still not zero
has been reduced from very significant to almost nil. In the mid
1980's, destructive testing of each heat of bearing castings was
begun to verify adequate mechanical properties.

Operating experience after these changes was most satisfactory,

g\ bearing shells routinely lasting 20,000/25,000 hours (BY NO MEANS

~ (d
38,000 HOURS). Shells are replaced based on wear limits rather
than base metal condition, in conjunction with general overhaul
activities near this hour level. None of these bearings were
radiographed.

In 1988, Enterprise ceased manufacture of bearings, opting to
purchase these parts in finished form from Federal Mogul, a
worldwide supplier of all kinds of engine and compressor bearings,
including bearings for engines which could have been installed in
nuclear generating stations. F-M is not aware of any radiograph
requirement for these parts.

F-M uses the centrifugal casting method to obtain consistantly h'igh
quality castings. This method affords the foundryman various
options such as mold spinspeed, pour rate and cooling . rate to
further enhance casting quality. F-M asserts this fine tuning is
normal and on-going, and may be the cause of radiograph ghost
imaging, as the report I gave you suggests. _F-M furthermore
applies a flasn of plating to the back of the bearing, the lead / tin
content aggravating X-Ray problems, but improving its grip in the
housing. F-M bearings have been in use in Enterprise Vee Engines
for thousands of hours. No reports of bearing quality problems
have been received. None of these bearings were radiographed.

k



-_

,

r

:p
'V page 3

In summary, I submit that the onerous radiographic suggestion.'of
referenced report was of questionable value in the beginning, and
certainly is of no value now. Not only'have the con-rod problems
finally been solved with the use of adequate fastener. preload
applied by hydrau : 'c tensioning tools, but also the bearings are-
manufactured by avendor' specializing in this work, utilizing .a
completely different cathodology' than the TDI/Alcoa method
employed.

J
Yy,j i (-/V( , i')hcr..i2~-N:

,

M. H. Lowrey
Cooper Industries

Distribution:

M. L. Bagale
Ken Dixon
Bo Weir ~
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DUKE ENGifBW3
& SERYCESItC

230 tom Trym a Bus (704) 342473
PO. Box 1004 Fan (704) 342695
Charicee NC 282011004

(O
%)

February 27, 1992

Mr. P. Om Chopra
Office of Nuclear Reactor Regulation
Electrical Systems Branch (MS 7 E4)
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Re: Cooper-Enterprise Clearinghouse Group
Diesel Generators
Position Paper on Radiograph Requirements

for Connecting Rod Bearing Shells
Eile: MTS-4086

Dear Mr. Chopra:

Enclosed is additional information to clarify questions in regar's
certain proposed process chang'es related to radiography of .neto

connecting rod bearings. This information supplements otir prenous
letter dated October 31, 1991.

The Cooper-Enterprise Clearinghouse Group requests you review the
enclosed document and based upon the complete technical

justification provided, evaluate and concur with the Clearinghouse
that current radiographic requirements are not necessary for Cooper
Enterprise EDGs.

Response to this issue by March 20, 1992 will be greatly appreciated
by the Clearinghouse and the individual utilities members. Should
you have questions, please direct them to Rick Deese at (704) 875-
4065.

Very truly yours,
1 /

f 0. W h/ ,

h R. D. Broome . J. B. George*

Project Manager Chairperson
Cooper-Enterprise Clearinghouse Cooper-Enterprise Clearinghouse
Duke Engineering & Services, Inc. TU Electric

RDB/VMA/021492.p
.V
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January 24, 1992
|

Jules Hudson
Cooper Energy Services
14490 Catalina St.
San Leandro, CA. 94577

Mr. Hudson:
.

In rosponse to your fax dated January 10, 1992 there are

many processing techniques to reduce or eliminate the
(' existence of gas entrapment within the bearing.

Here at the Mooresville' facility, we use the. centrifugalThis process inherently lends itself to thecasting process.
elimination of gas bubbles, drosses, and oxides due to the
outward radial force (approximately 30-60G) acting on these

Since the densities of the aforementionedparticles.
particles are considerably less than any element in the AA-
852.0 alloy, they are forced to the inside diameter of the -
casting were they are removed by subsequent _ machining.

.

.- .

To further insure the : removal of gasses, . hexachloroethane -
. . . -

.

tablets,are dispersed into the melt. The tablets: decompose.

to evolve chlorine gas which, in turn,-ties up the hydrogen |(the primary cause of entrained gas in aluminum) and removes |
'

Past foundry testing using reducedit.from.the molt'. |pressureitests confirm the expulsion.of hydrogen gas via.this '

'

'

method. q
'

In addition to. production techniques, the process is closely |
'

monitored to verify the continued success of these
techniques.. These include: Individual Process Set-Up Sheets
for every job, First Piece Inspection of casting, ..

and VerificationFluorescent Penetrant Testing of each heat,
of=Hechanical Properties of each heat.- -

-

,

G
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February 27, 1992
,~

Mr. P..Om Chopra ,

i

|
1

|

Enclosure
!

)
cc: E. B. Tomlinson (NTtC) !Clearinghouse Representatives

R. J. Deese
.

i

!

|

|
|
|

.i

,.
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I hope'that this information assists you-in you'r
'

-

1. communication with the NRC. If you need any additional
,'

information, please feel free to contact me..

Sincerely,
_

/
Brett L. Bridgham
Plant Metallurgist

copy: D. Jackson
R. Moore
D. Pazuk
Hooresv,ille Lab File j
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Process' Set-Uo Sheets.1

For' every job cast, a Process Set-Up Sheet (see' attache'd) is ;

|generated and released to the foundry prior to production. !The Process Set-Up Sheet contains all of the vital process |parameters needed to produce a particular casting. In
'

addition, it provides documentation of any changes to an
existing parameter.

I

Ej rst Piece Inscection of Castino:
Standard practice dictates that first piece inspection be |

performed on~the first casting poured on a job. After cast,

the casting is allowed to cool to approximately 300-400 F.
The casting is then fractured to reveal four (4) dist1nct
cross section.t. These cross sections are evaluated under 10x
magnification and inspected for dross inclusions, layering, ,

This evaluation isgas voids, and excessive shrink cavities.
documented on the Process Set-Up Sheet.

l-

.
,

Fluorescent Penetrant Testina:
The Requirement for fluorescent penetrant inspection (2yglo)
is indicated of the Process Set-up Sheet. The majority of

large castings (>10 - 11 in. dia.) are tested in this manner.
A sample casting is poured prior to production and bored to
the blue print dimension. The bore surf ace is evaluated for
surface discontinuities which may or may.not have been ;

apparent during analysis of the fractured casting.
.

Mechanical procerties;

At present, a representative casting (termed " lab sample") i's.
poured for each individual heat. This casting provides. for . |

both' chemical and mechanical testing. Test bars are cut'from
'

the lab sample and tested for tensile and elongation
~

properties. This testing provides confirmation that no
-detrimental defects exist within the test casting.

Under current evaluation is the potential for using
separately cast test specimens (.505" standard ASTH tensile

'

bars) to predict the acceptability of production castings.
Since the separately cast bars are not under the influence of
head pressures greater than 1 x gravity, they will be
affected by discontinuities to a greater degree. Therefore,

(~5q_) acceptable results obtained via separately cast specimens
would insure a degree of confidence in the centrifuga11y cast
product.

4
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&DE&5
' DukeEymeenng&Sewices

230 South Tryon Street
904) 382 9800 Bus./, Po. Ekm 1004

*

UO4)3824389 Fax.\j Charlotte. Nc 28201-1004

May 3.1993

Document Control Desk.
Nuclear Regulatory Commission
Washington, DC 20555

Subject: TDI Owners Group
Generic Licensag Submittal for Emergency Diesel Generators
Conditions of License for Utilities with Enterprise Engines-Rev. I
File: MTS-4086

Gentlemen:
'

,

Attached please find five (5) copies of the subject submittal. This ammended submittal is
made on behalf of eight utilities having Enterprise Emergency Diesel Generators (EDG) for
emergency standby AC power. These utilities are listed below with the respective plants they -.

operate:,

- UTILITY STATION

Texas Utilities, Inc Comanche Peak
Entergy Operations, Inc. Grand Gulf
Duke Power Co., Inc. Catawba-
Carolina Power and Light Co., Inc. Shearon Harris
Georgia Power / Southern Nuclear Operating, Inc. . Vogtle
Cleveland Electric Illuminating, Inc./Centerior, Inc. . Perry'.
Gulf States Utilities, Inc. . River Bend'
Tennessee Valley Authority Bellefonte .

,

This ammended submittal presents additional background clarification on ~the relevant issues .-
- for the Phase I components and the history collected over the past seven years of performing 1
teardowns and inspections ' required by NUREG 1216. The conclusions drawn'from this data'
are also presented. Please remove the original copy of this submittal (issued with_our ;

December 8,1992, letter) from its binder and replace the entire document _with this
ammended copy. Revision " bars" have been placed to the right of any revised paragraph ~to.
assist the reader with recognizing where changes have been made.

O
,

. _ _ _



Document Control Desk
May 3,1993
Page 2

It is respectfully requested that the staff review this information by June 30,1993, and permit
the utilities listed above to remove these prescriptive teardowns and inspections as licensing
conditions to give the utility the flexibility to determine the best way to monitor engine
condition while maintaining reliability and reducing unavailability.

Correspondence concerning this issue should be addressed to C. W. Hendrix or R. C. Day.

Since y,

TCD %
/ de &G org CW Hendn.x<

Chairperson Project Manager
TDI Owners Group Duke Engineering and Services, Inc.

RCD /pja.017

Attachment
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h+-24 ' o2 13: 09 ID:FE. A. MCGU. MV TEL 10:317-8T. 35 ' : 395 PO4-

. - ,.

'iu2tomar: CEii Dio (Conv) : PEL-0 Dio (CNC) :

Cast Wt(1) : 180# Cast Wt(2):
*crt"No.: R-3313 --

_ _ _- _ _ _ _ _ _ _
,_

-- -- __-

Speci1Lcation: CES D4990411cy : 9850
(~ytification : Chemistry s Y Zyglo (y/n) : Y

U! : Mechanicals Y Other i

- . _ _
--

- _ -
-- = _ ___. - .

**************** INITIAL SETUP ****************
,

Spray Tower "A"
tatal Temp : 1350 Nozzle Type (a): 50/10
lio Temp : 300

Locations (a): 1,3,5
(PM 400
31ux : 2M11

Spray Tower "D"* cot Start : 2 SEC Nozzle Type (b): 50/10'

Locations (b): 2,4,6
!act I.D. : 10"
|act Weight: 1804 Water Delay 2 15 SEC
C.D. Stock : 1.328 Cool Time : 4 MIN
2.D. Stock : .589
JAL. Stock : 4.201 Water Temp

::a::======..================================================================i
******************** PRODUCTION HISTORY ****s**************

=

:==================================n==========__s=================r======---
CAST OTY. : 7/14

70B NO. :

3.E. NO . : 91-3033 PCS/HR :

JATE :
.

Spray Tower "A"
atal Temp Nozzle Type
;1o Temp _

Locations(MPH
*

Spray Tower "B"
71ux Nozzle Type
# cst Start Locations

Cost I.D. Water Delay
Cast Weight Cool Time* :Water Temp

: Chango | Hammon : Result ,

-

:__
_ : --. _ _ _ ._ _ _ _ _ --- = :-. - -

;_ -
--

-

__ :
_ _ _ _

_ -.
. - -

: -:__ _ - . _ _ _ -
. _ _ _ _ __ - : __ -

. _ - - - -___ -:- _

:_ ; - _ _ _ ___
___

;- __

: r =======

se ss= =-=rs n= s== c = === = = ===wa n= == e.a== ===
e= == = ss an== = us == = = = = = =:r= = === == us an == = = == ===a

====

************21****** WEIGHT REPORTING *************s******
..r==,.=========sen============================s================amar====srwa==========:

:

: Date Shift : Scrap : Good : Fract | Other : Good : Bal

: 1 Lbs : Lbs | Cast : Scrap ! Cast : Req'd )
g: _ : ___ - -: : __ ____ __ : - - :- : :- .

;v;.
-- : - -:- : : :- # -:

p_ - - :- :__ ;__ --:- -:
-s

:- _ --_i_- :-- :_ :__ :- :_ : -- |

_:. _: -_:- : - - - .

-:__- -: -:- -

._____: : __ : __ _ _ -: - ; --_=

-: -- ;. - - ._ _ _ . _ _ _..._.____i___ -g ________. _ .- . . . ..!
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1.0 EXECUTIVE SUMMARY

The Transamenca Delaval. Inc. (TDI) Owners Group recommends the removal of the licensing conditions

imposed by NUREG 1216. Based en substantial operating expenence and the Design Review / Quality.

Revalidation (DR/OR) effort for the entical components. the TDI emergency diesel generator (EDG) has

demonstratec that special concerns of NUREG 1216 are no longer warranted. Therefore, the TDI EDGs

shall be regarded the same as other EDGs within the nuclear industry, and subjected to the standard

regulations without the special requirements of NUREG 1216. These conclusions are supported by the

information in this document. In aed: tion, this action will improve unavailability of the engines for service,

escecially dunng outages, ., nile ma:ntaining current low unrehability levels.
.

'i
Removal of these conditions from the license will not prevent these activities from being perforrred in the -

future. These types of activities should be performed when the components are disassembled for other

reasons. The Technical Specifications for each plant currently require that an inspection of the diesel

generator be conducted every refueling cutage and these inspections should include items needed to

maintain the engines in a reliable and available condition. The Owner's Group is currently working with the

manufacturer to develop a new maintenance program that incorporates the expenence of the owner's of

the equipment combined with the expenenc3 of the manufacturer. This joint effort will assure that high
.

reliabihty is maintained in the eouipment. For each EDG iicense requirement that is being removed as a

license condition, the Owners Group will review the future maintenance needed and adopt a program, '

cons: stent with manufacturer recommendations, to fulfill these neecs.

The basis of the TDI surveillance matnx deals with preventative maintenance, monitoring, and insoections.

The latter of this list is by far the largest contributor to the significant out of service times experienced in

outages, in audition the reouirement to perform an overhaul every 10 years (a complete overhaui has not

yet been performed after 10 years of operation) will add even more to the unavailability of the engines

5-3 93 1 Rev 1
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dunng outages. The overnaul frequency is discussed in detail in Section 3.1. This sucmittal addresses

a solution to reduce unavailability by reducing engine teardowns and inspections. This will be accomplist;ed

by more closely monitonng and trending the data that is already being collected. Tearoown and inspection

will be performed when indicated by the maintenance /monitonng and trending programs for the engines.

i
. ,

Acceptance of this submittal will reduce unavailability and will comply with Station Blackout levels of ,

unreliability which will reduce the risk of core melt as noted in work that has been performed on Station

Blackout issues. Acceptance will also help these utilities prepare for the issues to be addressed by the

Maintenance Rule.<

s

The TDI Owners Group therefore requests the NRC to review tne revised recommencations contained

within this report and issue a generic Safety Evaluation Report (SER) endorsing removal cf the component -

baseo License Conditions that are currently required by certain power plant Operating Licenses. This-

genenc SER would then be referenced by individuallicensees to process Operating Ucense amendments

on eacn docket for plant with TDI diesels to remove these License Conditions. All aspects of the '

maintenance and surveillance programs would then be controlled by the licensee and reviewed by the NRC

under current regulations which is the condrtion that all other piants operate under.

I
,

>

> ,

i

d

d

.
,
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2.0 INTROD.UCTION AND BACKGROUNQ

The Design Review /Ouality Revalidation (DR/OR) effort of 1984 has been performed on Emergency Diesel

Generators (EDG) supplying emergency AC power for the following utilities that are in support of this '

.

licensing submittal:

1.lTJLIIY STATION

Texas Utilities, Inc Comanche Peak .

Entergy Operations, Inc. Grand Gulf

Duke Power, Inc. Catawba

Carolina Power and Light, Inc. Shearon Harris -

Georgia Power / Southern Nuclear Operating, Inc. Vogtle

Cleveland Electric illuminating Co./Centerior Energy Perry

Gulf States Utilities, Inc. River Bend

Tennessee Valley Authonty Bellefonte

:
(Note that not all engines at all plants have completed DR/OR as indicated in the particular docket; but each

utility has a representative sample of engines that have completed this inspection and have operational
,

hours since the inspections). This effort was in response to NRC concerns regarding the reliability of large-

bore, medium speed diesel generators manufactured by TD1 for application at nuclear power plants. The

scope of th'3 submittal and review is limited to the utilities and concems of their specific engines. ' Concerns

and items of other engines at other utilities are not addressed and are considered valid and applicable to '

those utilities by the Owners Group. An explan ttion of the other utilities originally involved in the DR/OR

effort but no.1 a part of this action follows: Soutliem Califomia Edison remains a current member of the

t

Owners Group, however due to a decision to decommission, Unit 1 of the San Onofre plant is not a
,

,
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participant in this action. Long Island Lighting and Sacramento Municipal Utility District have ceased

membership in the Group due to decommissioning actions and are not participating in this action.

_ -O?
,

|

Washington Public Power Supply and Consumers Power have deferred or canceled plants and are not a !

participant in this action. This accounts for the thirteen utilities that originally began development of the

DR/OR effort.

This effort was originally outlined and documented with the NRC as the TDI Owner Group Program Plan.

This plan was accepted by the NRC in an Safety Evaluation Report (SER) dated August 13, 1984

Following issuance of the SER, the Owners Group member utilities developed and implemented the DR/OR

in response to the Program Plan. The specific details of the DR/OR were submitted to the NRC for review

and this information was reviewed and referenced as part of the NRC position which was documented in

NUREG 1216. The recommendations of the NRC consultants hired to assist in this effort is also referenced - >

in NUREG 1216 and is documented in PNL-5600. These details resulted in specific license conditions for '

each utility as the individual DR/QR reports were submitted under the utilities respective dockets. These .

utilities have operated for a substantial time period and logged many operation hours on these'EDGs and

this operational data is being submitted for review to remove the license conditions imposed by NUREG

1216. It should be noted that the scope of the original NRC review was to look in detail at the Phase I

components as defined by the DR/QR program.

NUREG-1216 documents the NRC reviews of Phase I and 11 components. Phase I components are

addressed later in this submittal. Phase il components constitute approximately 150170. components on

the engine. The NRC review of Phase Il components documented in NUREG 1216 concluded that a
,

detailed review of these items was not necessary and would be redundant.

i

The Phase I components were chosen as those that had potential for generic concerns. Through an

extensive review of TDI and other engine performance data in both nuclear and non-nuclear applications.

'
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the Owners Group identified 16 components with such concerns These are:

,

air start valve capscrews engine base and bearing caps

.)
connecting rods engine mounted electrical cable

'

connecting rod bearing shells high pressure fuelinjection tubing

crankshafts jacket water pump
]

cylinder block piston skirts-

cylinder heads push rods

cylinder head studs rocker arm capscrews

cylinder liners turbochargers !|

!

I
These engiaes have operated under the requirements of the program reviewed and approved by NUREG

1216. This document presents the results of the operation of a large sample of engines under that program

and demonstrates that the reliability of these engines is comparable to the reliability of other EDGs and that

the time required to continue to perform teardowns and inspections as outlined in specific licensing !

conditions substantially adds to the unavailability of the engines. Subject to the findings of this report, the

Owners Group concludes that these engines can be operated in a safe manner without degrading reliability

and still achieve improvements in unavailability by removing license conditions to perform inspections'
]

requiring engine teardown. g

i

The Owners Group will develop a performance based maintenance program outside of the licensing

environment to assure that the goals outlined above will continue to be met.
^i

I
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3.0 COMPONENT PERFORMANCE REVIEW

i .- [V'\ -
j

.l
.

i
'

This section discusses the enginal component concerns, the proposed modifications / inspections that v.ere

subsequently required, the results of the modifications / inspections, and a proposed disposition of each i*em.-

The proposed resciution of these items has been discussed with the manufacturer and they are n 1

agreement with them. The modifications / inspections that will be discussed are listed in the DR/OR rec:::

Appendix !!, Part 8. A copy of the current version of Parts A and B of this Appendix is included as a cart

of this submittal as Appencix A. Appendix A and NUREG 1216 are the basis for the license concit;:ns

that are imposed on some utility Cockets. The onginal review contained in the acove documents along v.itn

the results of the inspections performed since that initial review was completec will be the review basis ::t

the amended recommendations to be approved by the NRC.

,

O
i
,

b6
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3.1 ENGINEOVERHAULEcEQUft1CX
n-

The overhaul frequency for tre TDI engines was originally recommended to occur at an approximate 5 year

interval. This interval was :ater revised to 10 years because (1) of the comprehensive DR/OR effort

I conducted for each of the engine components, (2) of the limited number of operating hours for the engines -

in nuclear standby service, and (3) a sample inspection of major engine components will be performed on

a one-time basis following 5 years of service. Details of the results of inspections performed during this

teardown are outlined in the oiscussion of the individual components. Overall, the teardowns did not

indicate any major problems or suggest that any component had expenenced any significant wear. The i

average number of operating nours logged on an engine in a year is approximately 100 hours.-This number -

is much less than the num:er of hours typically experienced by non nuclear engines This mode of

operation lends itself to using momtonng/ surveil |ance programs in lieu of hours of operation to determine

overhaul frequencies. All utsties have and will maintain a monitonng, trending, and surveillance program

to determine the health of tre engine and determine when corrective actions, including overhaul, are

required.

Collectively, these engines have accumulated over 9000 hours of operation. This provides a significant data

case on which to base remcvai of the license conditione imposed by NUREG 1216.

Recent studies performed ':r the NRC (Reference: NUREG/CR 5078. PNL-6287. NI, REG /CR-4590.

NUREG/CR 5057) indicate rat for approximately 2 years following a major engine overhaul, EDGs.

regardless of their manufacturer, exhibit increaseo unreliability. This increase is attributed to several

reasons. One reason offerea :s that curing disassemoly there is a high potential to introduce dirt and other

substances that may harm tre engine. Another is that disturbing a precision fit system that " wears in' to

seat mating surfaces (eg nngs and 1:ners, crankshafts and beanngs, connecting rocs and bearings) can -

result in alteration of wear catterns that may increase wear or actually cause wear to start and decrease

O
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the iife of the component. As noted in the above reference, the period following ovemaulis a " shakedown *
fy
V pened that is required to produce a smooth running reliable engine. Utilities have and will continue to

min:mize this impact by performing " break in' runs per the manuf acturer recommendations; however, the

I period for ' shake down' extends well beyono the break in run time.

The Owners Group agrees with the findings of the above study. In addition, the results of the 5 year ' mini"

ovemauls have shown no component failures that resulted in a loss of component function and have also

shown that operational component wear since installation has been very minimal. All plants listed have

completed the 5 year ' mini" overhaul for their engines with the exception of Comanche Peak and Bellefonte.

To cerform a complete engine overhaul for a typical engine could take approximately six weeks dunng an,

outage and could make the diesel more unavailable cunng the outage. Extencing the period between

overnauls reduces the overall cost that would be incurred for additional parts and labor to insta:1 andi

refuroish components that are no worse from wear than the new parts to be ' installed. In order to prevent
,

p increased. unreliability and to reduce unavailability,_the_Qwne s Grouc recommends that an overall+

.O
flfCugacy not_bC_SPECified Individual utilities since 1984 have used a comprehensive maintenance and

4

surveillance program and will continue to use maintenance / monitoring'and trending data similar to the

i information gathered in Table 1 of Appendix 11 of the DR/OR report, to determine when a particular
:

comoonent would need refurbishment or replacement This would also give the utility the flexibility to plan
i

for ints work to be performed over an extenced penod in lieu of one outage penod and would serve to lower

unavailability and lower unreliability. The concept of performing overhauls based on trending and monitonng

; has ceen discussed and endorsed by the manufacturer.

O
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_ .. l' AIR START VALVfLCAPSC.REWS
-

V
E.hi.Bec.cmmendations

There are no PM recommendations associated with this component in Part 8, Appendix A. Revision 2 of
.

Part B, Appendix A recommended that upon installation of a new caoscrew retorquing should be performed

at specified intervais to compensate for gasket creep. When ho c .ange in torque is detected, the gasket

is fully compressed anc the torque will be maintained. This item was removed by revision 3 to Part B as

the manufacturer has agreed that this is a proper recommencation and has put this item in their PM

recommencations.

BE89tQMnd

p) The air start valve capscrew have not had a history of failure. S.e original concern with tne component
%.

dealt with the component being too long and * bottoming out' 'n the cylinder head, in SIM 360, TDI

recommenced a change to use a shorter capscrew and recommenced a suitable torque value. This was

in response to reports at Shoreham and Grand Gulf where these capscrews had been found to loosen.

Beaulla,QL!nSCDClions

Loosening of this compenent or other related problems have not teen detected since the utility has either

made the change notec above or has verified that the existing capscrew does not bottom out. All

capscrews have been crocerly torqued. This is the justification *:r removal of this item from Part B and

placing tnts information with the vendor recommendations.

CQDClMSlons

O
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. This item was cIcseo under NUREG 1216 and no funher problems have been reported. Utilities snou:c -

!~ ~ continue to follow vendor torquing proceoures upon replacement.

,

!

,

4

.

t

,

,

i
|
|
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31_ ENGINE MOyRIEDEECTRICAL CABLE

.(
'

%
.

,

PM Recommendations

:

There are no PM recommencations associated with this component in Part B, Appendix A.
1

Sackcacund

TDI SIM 361, revision 1 notified the engine owners of potentially defective engine-mounted cables .

associated with the Woodwaro governor / actuator and the AIR-Pax magnetic pickup. This memo led the

Owner s Group to review in cetail the suitability of all class IE auxiliary module wiring and terminations

currently installed on the d:esel engines. Of specialinterest was the suitability of this wiring with respect -
,!

to flame-retardancy of the insulation, qualification to industry standards, routing of conduit, compatibility with
,

circuit requirements and the need for special requirements such as shielding. Modifications were,in some

cases, recommended and all of these modifications were completed.

Romuls_QUnsoectrons

No further problems or issues have been found dealing with this component.

CDOClutions

The modifications specified acdress the concems with this component and this issue was closed during the

initial NRC review. This item was closed under NUREG 1216 with no additional concems found since that

time and this item remains c:csed.

-

~
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;...-- n.- 3d_ENGINILBASEAND 8 EARING CAPS {0L305A/02-3010):

1 '
,

PM Recommendations

._
The base and bearing caps preventative inspections are listed in Part B of Appendix A. Specifically, PM

recommendation 1 can be made without a disassemoly; PM recommendation 2 does require disassembly

but is only required to be performed when the caps are removed for other reasons.

BACKgtQ.und
:

The original Owners Group design review for this component found adequate f actors of safety for all

components. Problems encountereo with this component are not generic in the engines supplied for
,

nuclear service. Problems that were encountered were with non nuclear service engines resulting from
.

inacequate bolt preload and in one case, marginal strength due to inferior quality of a casting. The NRC
%

.

review noted specifically that once the caps are installed according to the Owners Group recommendations -

and torqued to TDI specifications, they should not require f urther attention until they are removed for some
,

other reason. It should be noted that inspections proposed in Part B of the maintenance matrix were to
..

validate the findings of the analysis ciscusseo above and were a conservative step to aid the licensing

process.

.

|
!

.

.

E
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I

For att engines in current service, a metallurgical exam for Widmanstaetten graphite has been made or the

-recommended three cycie inspection for cracks have been ecmoteted and none of the bases have

indications of infenor material. Twenty five separate base inspect: ens have been made with no signs of
,

cracks noted, in addition hundreds of inspections have been mace of the bearing cap and Saddle interf ace

for PM item 2 ano no preolems have been detected. '

Conctusions

Basea on the positive 'esults of the monitoring and the conservative nature of the PMs the base

inspections should be no longer necessary. The inspection of the cap mating surfaces should continue

as gcod maintenance practice only when the caps are removed fer other reasons.

|

i

p

\
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3.5 CONNECTING SQDS t02-34.QNB}
-;p,

k
3.51 DSR 48_in! ire Ennne

L-

-

EM.Recommendat::ns

The connecting rea creventative inspections are listed in Part B of Appendix A. Specifically, PMs 1.2.4

and 5 require tearacwns to perform. PM item 3 is excluded from this discussion as it is the scope cf a .
,

previous license suomrttal and is already under review by the NRC. These inspections have been

performeo on the R:ver Bend engines as outlined in Appenaix B. .

BK851t0 Mild

I
|

During the DR/QR review, only.one rod failure was reported and that was on a non nuclear application and '

the railure was due to the possibility of pre-existing defects on the surface of the rod eye and to the higner -

peak firing pressures used in the engine that had the rod to fail.

The design review cerformeo found no cesign problems with the rod. However, the NRC recommencec

that a rod eye and tushing be inspected using an acceptable NDE technique and that all bolts and wasners

be inspected at the same time.

' Btuinl15 QL10Spect' ens

The rods at River Bend have been inspected on a sampling basis at the 5 year interval witn no problems

found. This was cerformed on two connecting rods per engine and the associated bolts and washers anc

.beanngs.

,

'
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Sufficient operating hours have been accumulated on most engines suen that the connecting rods have -

' been in operation and subjected to a number of cyclic loadings to demonstrate unlimited fatigue life.

Subsequent inspections have also shown bearing wear to not be a problem. Based on this information and
,

the initial design review and the positive inspection results. it is concluded that these inspections should-
- 1

not be performed unless the rod is removed from the engine for other reasons. These inspections should ;

be viewed as good maintenance practices and not as requirements.- '

,

- ,

,

h

OO .

i

|

I
|
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.V 3Ji2 DSRV-16 Engines

Plifiecnalniendationii

The connecting rod preventative inspections are listeo in Part 8 of Appendix A. Specifically, all PMs with

the exception of PM 9 require tearoown to perform. PM stem 3 is excluded from this discussion as it is the

scope of a previous license submittal to the NRC and has been approved,

llaJsgrnund

During DR/QR review, a total of six rod failures were documented. TDI had identified two failure

meenanisms in SIM 349. The first was due to fatigue of the link rod bolts resulting from loss of bolt preload.

The second mechanism was fatigue cracking of the connecting rod bolts and/or the link rod box in the

mating threads. The Owners Group Design revew performed a detailed stress analysis of the rod and

looked at fatigue as suggested by TDI. The results of that analysis showed the peak stresses induced by

the loading mechanisms are slightly below the fatigue initiation curve for rods with 1-1/2' bolts and slightly

above the f atigue initiation curve for roos with 17/8' bolts (Reference FaAA Report FaAA-84-3-14). Grano

Gulf (Entergy) is the only utility that has engines with the 17/8* bolts stillin use. The summary of this work

is that as long as the bolts are properly torqued the rods will perform with no problems.

Oil Analysis should continue to be performeo as this will provide indication of premature bearing wear or

beanng problems as babbit will be recognizable in the oil, in addition, any significant fretting of the mating

surfaces of the connecting rod will be evident as well. This will be detectable as ferrographic analyses is

performed for the oil samples indicating the types of metats in the oil. Also, vibration measurements shoulo

continue as well as operation monitonng which will also provide an indication of potential problems with this

'OD '
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,

A total of 42 connecting rods have been completely disassemcleo and subjected to the PMs desenbed

above. A total of 1776 bolts have been checked for proper tension during the time since DR/QR. These

inspection! nave revealed no problems and these rods continue to provide good service.

CQDChtSiODS

Based on the aoove, the Owner's Group recommends that further connecting rod disassembly to perform

the inspections aoove en a particular time frequency is not warranted. However, it is the recommendation

of the Group that as rocs are removed from service for any reason, they should be subjected to the PMs

_ in Appendix A as a gooo cractice but this should not be a requirement. Connecting rods in service at most

of the utilities have recorced sufficient hours producing a sufficient number of cyclic loadings to demonstrate

unlimited fatigue life for connecting rod assembly. In addition, no problems have been found with-

connecting rod beanngs and inspections have revealed normal wear. '

The engines at Grano Gulf are currently lim ted to 185 BMEP. This derating reduces the stresses

associated with fatigue cracking of connecting rod bolts and/or the link rod box and bolts. Based on past

positive inspection resu:ts and engine derating, the recommencations for 11/2" bolting then applies to
.

Grand Gulf as well.

O
LJ
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3.6 CONNE.CTING ROQ8 EARING SHELLS -!?

k
;

|

This item has been covereo in Section 3.5, Connecting Rods and in a previous license submittal currenty !
!under review with the NRC. The previous submittals are documented in letters to Mr. Om Chopra ca:ec I
l

October 31,1991 ana supplemented February 27,19921 rom Messrs'JB George and RD Broome. Therefere I
i

this item is addressed by reference to previous submittals. (Copies of these submittals are includeo as

Appendix C and D.)

J
!

|

' f))
|

L
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3.7 HIGH PRESSURE FUEL INJECTION TUBING (02-365C)
O
V

MdEac.gmmendations

|

The high pressure fuelinjection tucing preventative inspections are listed in Part 8 of Appendix A. The PMs

do not require teardown to perform; however, the requirement to eddy current the non shrouded tubing pnor

to bending does result in consideracle cost and delay of replacement tubing. Use of shrouded tubing has -
i

'I
I

been approved by the Owners Group and the vendor to provide protection of leakage that would potentially .
'

result in a fire hazard. Fire nazaro and personnel safety are the pnmary concerns with failure of this

component.

BEh9mutid

The review of this component dunng the DR/OR process revealed that failures had cccurred at Shoreham
'

and Grand Gulf Nuclear Stations. A 10CFR21 notification was issued on 7/20/83 by TDI alerting Owners

and the NRC of the condition and identified that the cause of the failure stemmed from a draw seam that

acts as a stress nser on the inner surface of the tube. One of the points stated is that a draw seam ts

induced during the drawing pnase of the manufactunng and generally wn! extend cver most of the length

of the tube and be readily detectable. The design review noted that the tubing is acceptable as long as no

preexisting flaws greater than a cepth of .0054' existed. This prompted the recommendation to eddy

current the tubing pner to tending. The reason for the concem was to prevent leakage that could

potentially result in a fire and for personnel safety.

5-3-93j- 19 Rev.1
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O
The tubing is visually inspected for leaks during eacn engine run. Since the OR/OR effort, four tubing

failures have occurred. This inspecticn has resulted in hundreas of inspections of this comperant. Most

engines are now equipped with the shrouded tubing which permits the leak check to be performed by

removal of a plug. Shrouded tubing is a double wall tube that contains the high pressure fuel spray in the

'event of a leak and prevents fire and hazards to personnel.

CCEClLISiOES

The Owners Group recommends that visual inspect: ens for leaks continue during the engine runs. Any

proclems should be readily identifieo by this process. In addition, replacement tubing must be snrouded.

Further, because of its double wall design, use of shrouded tubing would eliminate the need to eddy current -

this tubing and this requirement should be deleted for shrouded tubing.

,

e

t

>

,

-( j
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3.8 CRANKSHAFTS (02-310A)
m

3,81. DSR-48 Ssnes En;nes

I

I}
PM Recommendations

-

The site specific preve.'tative inspections are listed in Part B of Appenoix A. All of these inspections require

disassembly to perform. Thee inspections have been performed on a per PM basis as detailed in

Appendix B.
l

Bacxground

in August 1983, the crankshaft in the EDG 102 engine at the Shcrenam Nuclear Power Station fractured

dunng plant preoperational tests. Th's fracture occurred at the crankpin journal of cyhnder No.7 and

k
involved the web connecting the crankpin to an adjacent main :: earing journal. Following this failure,

several cracks were discovered in the crankshafts of the other t.vo TDI diesels at Shorenam. These

crankshafts Were found 10 oe deficient and were replaced with a d:fferent design that increasec the diameter
,

of the crankoin from the enginal 11' to 12". The replacement crankshafts were analyzeo cy the Owner's

iGroup and by NRC ano found acceptable for use. '

The EDG engines at the River Bend Nuclear Station have cranKsnaftS of the same dimensions as the ]
replacement shafts at Shoreham. However, the generators and flywheels differ between the two

installations. resulting in c:fferences in crankshaf t torsional stresses. Also the fillet radii at Shoreham are -

shot 0eened while those at River Bend are not. The review and spection made by the Owner's Group

found that there were r'o relevant indications in the oil holes of the crankoins. However the analysis
i

| ree-led that crankshaft torsional stresses in the Shoreham engines at an operationalload of 3300kw was.

(.
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. equivalent to the 1:rsional stresses in the River Bend eng:nes at an operational load of 3130kw wnien j

accounts for the c;fferences in the torsional systems. Therefore, the River Bend engines have been doratea

for nuclear operation to 3130kw with the crankshafts that are currently installed. No indications or ciner !

problems have teen found by the inspections and the shaft has accumulated sufficient loadings to

demonstrate unlimced fatigue life. ]

ResDitS_Qllnsoect: ens )

.|
.i

;

The inspections that have been performed are in accordance with Appendix A and has been performea in i

number as indicates in Appendix B. No indications or proclems have been found with this component.

i

Conclusion

.i
l

i
iA Based ori the positive inspection results and on the previous design review, the Owner's Group

.

.

recommends that future inspections of the crankshaft are not warranted as required by the DR/Lt3 as long

as the engine is operated at loads below 3130kw. Should this load be exceeded for an extended penco,

the engine should te removed from service and the crankshaft inspected in accordance with current

procedures. Showa no indications be found, the unit may return to service anc no further inspections mace
i

unless the load lima is again exceeded.

;

|

I

I
l

I

a
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3.82 DSRV-18 Engan_es -.

f)
U

PM Recommendations

The crankshaft preventative inspections are listed in Part B of Appendix A. All of these recommendations *

require teardown to perform.
,

Background

The crankshafts for the DSRV 16 engines nave a crankpin diameter of 13' and the overall crankshaft lengtn

is approximately 20 feet 7 'nenes. These engines have eight crank throws with 16 pistons driven by 8

articulated connecting rod sets. Differences in the generators and flywheels at the various. installations

result in differences in the torsional stresses. Therefore, each of the crankshafts at each installation were

p individually evaluated.

V
.

The results of these investigations produced similar results. The results are that the component is adequate

for its intended service at full rated load and the 110% rated overfoad. Extended operation at speeds at -

or near the fourth orcer torsicnal vibration frequency modes should be avoided. (These speeds have been

documented in Owners Group site specific reports.) in addition, the engine should not be operated for

extended periods in an unbaianced con # tion.

,

O
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Appendix B indicates how many times each of the inspections detailed in Appeno:x A have been performed.

None of these inspections have produced any ;ndication of cracking and most of the engines have operated

above the period that would subject the crankshafts to a number of cyclic loadings to demonstrate

unlimited fatigue life.

CQacLusiQQ

Based on the positive inspection resuits ano the original design review, the Owners Group recommends

that future inspections as required by the DR/OR are not warranted and snould be eliminated. The

manufacturer has reviewed this conclusion ano is in agreement with it,

m

j

:|

|

I
i

|
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3.9 JACKET WATEB.EUMP_LQ2 425A)p
\j

eM.aecomcendacons

The jacket water pumo preventative inspections are listed n Part B of Appenaix A. All PM

reccmmencations require teardown to perform.

BacMIQung
g

The cumps for the DSR 48 ana DSRV-16 engines are somewnat c.fferent. The onginal design of the cump

for tne DSR-48 engines nad two failures on the engines at Shorenam that resulted from a fatigue failure

ong:nating at the gear /shaf t keyway. This pumo was subsequently recesigned. The new cesign removed

the keyway on the impeiler end and changed the impeller material to ductile iron. The impeder is now

G dnven througn its interference fit on the shaft. This later pump design is installed on the engines at Riverf

\
Bend.

Pumps for the DSRV-16 engines were reviewed as a result of :Me problems with the model DSR 48

eng|nes. At the time of :he review, there were no reported failures and the design review concluded that I

the cumps v,ere capable of serving their intended function with no croolems. Since the DR/QR. there are

reports of cnve gear f ailures on non-nuclear engines and these have Deen addressed by the manufacturer
1

through 10CFR21. There nave been no problems with the onginal Concern related to the shaft. keyway and

impeller.

.(~
\
N 5 3-93 25 Rev.1

_ _



- . _ _ _ _ .. .. .- . _ . _ __ _ _._. .

k

Resuits glinsgest;ns

f

There have been no failures of jacket water pumps in nuclear service since the design enanges ma::e as -

a result of the OR:QR review. Inspections performed as outlined in Appendix 8 reveal that some p;n:ng

[: of the gear teeth on DSRV.16 engines has occurred during the pump operation. The resolution of th:sissue .

will be dealt with tnrough the 10CFR21 process. Additional problems related to the shaft. impeller ano

keyway have not teen identified.

Conclusion

Based on the posit:ye inspection history, future inspections of this component on a time cependent easis

as a requirement is not warranted. However, should the pump be removed or an engine overhaut ce

i
necessary, the pumo should be inspected per the existing guidance. !

,r
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3.10 CYLINDEB.ELQCK/LINERSJ02-315A/02 315C)
/~
t
.L

EM.Besommendations

The block preventative inspections are listed in Part B of Appendix A. Specifically, PM recommendations

1,2, and 3 require teardowns. The PM for the cylinder liners does not require a teardown but removal of

the injector for access to the liner is required for visual inspection.

Q;tckaround

The cylinder block provides support for the upper-engine components and contains passageways for the

engine cooling water. The block is subjected to both mechanical and tnermal stresses and is a grey-iron

casting. Although the cylinders in the DSRV-16 engines are arranged in two banks while those in the DSR-

48 engines are in a single bank, the two configurations do not differ in block top thickness, cylinder head

"

spacing, upper support of the cylinder liner, and the stud boss region that anchors the cylinder head studs.

Minor aesign changes have been incorporated as a result of DR/OR to reduce the protrusion of the cylinder

liner co!!ar above the block tco and to increase the cold radial clearance between the cylinder liner and the

clock. thereby reducing stresses in the block top. Cracks have been reported in cylinder blocks of botn

DSR-48 and DSRV-16 eng:nes in nuclear and non-nuclear applications.

A thorough design review of this component was completed during the initial DR/OR review. The results

of that review were that some of the castings made during the period may contain Widmanstaetten graphite

which is an inclusion N1 wesxrs the grey iron casting. It was shown that blocks containing this matenal

have a greater po'an@ for crack efevelopment. However, it was also shown that should these cracks

develop, regardless c' tae cauw that the block would cont;nue to perform its intended cesign function and

that the cracking would potentiMy produce a flow path for water to the block exterior. A cumulative fatigue

5-3 92 27 Rev.1
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1

usage index formula was created and an inspection frequency was established based on that usage.
f
4 Funner, it was noted by the Owner's Group ana by the NRC that this analysis was conservative and that i

'If cumulative results of these inspections over several power plant fuel cycles show that one or more of

the inspections reveal nothing of significance. the scope and frequency of the inspections could be
,

reconsidered." (Source: PNL 5600)

|

Basults_pf fnsDec1]Qas

,

Block top inspections have been performed in accordance with the numbers outlined in Appendix B. Note

that some of these inspections are being performeo on a partial basis: however. ncne of the inspections

(including those of blocks with widmanstaetten grapnite) have revealed any cracks. In addition, no

significant liner wear or indications have been found.

Conclusion
,

,

Based on the positive inspection results, the Owner's Group recommends that future block top inspections

'
be performed when a head is removed for other reasons for plants that have blocks with no widmanstaetten

.

graor;.te. For those sites having blocks with widmanstaetten graphite, the recommendation is to perform

a visual inspection of the block top under strong lighting during a tes' run once a refuehng cycle. Should ,

cracks be found, the engine should be evaluated for continued service and a more detailed inspection
,

':
performed at the next available refueling outage. The manufacturer has reviewed these conclusions ar'd . i

agrees with them.

,

.
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.3.11 PlSIGRSKIRTS 1Q2 341 Al
s

The scope of this review will be timrted to Type AE piston skirts. These are the only type skirts currently

used in nue: ear applications. Recommendations for other type ctston skirts are not accressed by this

submntal and previous f;ncings by the Owners Group and NRC remain in effect.

PM Recommendations

The piston skii1 preventative inspec. ions are listed in Part B of Aopendix A. Specifically, the PM listed'

recuires disassembly of 'ne engine .

BEhatauna

The cesign review of this component revealed that design stresses are within the allowables and that based

on experimentally measured data, neither crack initiation nor propagation is expected to occur. The AE

skirts were tested and validated during OR/OR. The purpose of this validation was to determine the

calculatediatigue bfe of this component. Following the validation, a detailed inspection was made of these -

skirts with no proc! ems found. These skirts have previously been approved by NRC for use at the rated

eng:ne loaos and all eng:nes in current service have been equipcec with these skirts.

EfLSui1S_of InspeCli.Qns.

Thirty nine 0:ston skirts nave been removed and inspected in detail. No problems have been found with

this component and these skirts continue to provide good service. See Appendix B for the numbers of

inspections.

5-3-93
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Conclusion

Based en the pes:tive instection resuits of this component and documented design quality, funner
.

.

;

inspections under the DR/CR program for this component are not required unless a piston is removed from

i the engine for come other reason. Research identified by this report regarding aging of this component has

identified unnecessary tearcewns as a real source that contributes to unreliability.

>e

s

;

.]
|

L|
.

.|
i.
i

i

O
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1.12 CYLINDER liFAD1(02 2fiOAl

O :
PEBecommendations

>

1

The cylinder head preventative inspections are listed in Part B of Appencix A. Specifically, PM 1 requires
,

teardown .

Background
,

.

The basic cylinder head configuration is common to all TDI DSR-48 and DSRV-16 engines. However,

durinr periods of manuf acturing, TDI made changes to manufactunng practices, quakty control. and design.

The heads manufactured have oeen categonzed into three groups: those cast prior to October 1978 are |

referred to as Group 1, those cast between October,1978 and September,1980 are Group II, and those

cast after September 1980 are Group 111.

!

.

Cylinder heads in Group I and il are subject to core shift, inadequate control of solidification, and

inadequate control of the Stellite valve seat weld deposition process, in addition Group I heads are not
i

stress relieved and are subject fatigue crack growth in thin areas. Heads in Group til are much less prone
.

to all of those problems. It should be noted that heads from all three groups remain in service. Casting

defects were found at Shorenam, Grand Gulf, Catawba, and Comanche Peak during the DR/OR process.
;

The net result from the design reviews and flaws, would have been to allow leakage of Jacket water to the -

exterior of the head or to the cylinder. Exterior leakage is of no real concern from a reliabihty standpoint.-
.

but leakage into a cylinder cari result in major engine damage. As a result, the Owners Grouc . i

recommended that the engir.e oc barred or air rolled prior to starting with the air start cocks open to detect ;

any potentialleakage. Also the manufacturer has changed its weld repair procedure to correct previous .

problems with weld repairs in the fire deck region of the head.
,

$
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ECIUllS.QI ll1Seections ,

. _ )

Inspections have been performed as detailed in Appencix B. Indications were found on the exhaust valve

stem during RFO 4 at River Bend. The indications were caused by a sharp chamfered edge on the rocker

arm swivel pad and are direct result of exceesive valve lash. The root cause of the excessive valve lash

has been attnbuted to back pressure in it (naust system during the start sequence of the engine. The

chamfered edge on the swivel pad was removed by machining. An improved swivel pad has been

developed by the vendor.

The water leak found a River Bend has been investigateo by the c'wner of the engine and the manufacturer.

The leak was caused by a thin wall secton in the cylincer head casting near a tapped bolt hole. This

defect was reported to the NRC under 10CFR21 by the manufacturer. The manufacturers recommended

corrective actions include inservice repair tecnniques and a permanent repair that will be made during an
L

overnaul of a cylinder head.

CollCluSMS

Based on the above positive inspection resuits. PM recommendation 1 is not warranted and should be

discontinued. It is the recommendation of the Owners Group that pre run air rolls and inspections for leaks.

prior to any planned sta t or as dictated by plant configuration, continue to preclude a leak from resulting
'

in major engine damage. Any other type of degradation that could occur will become evident during

compression checks, with exhaust temperature monitonng, and monitonng jacket water standpipe level for
a

losses. The previously referenced NRC NUREG reports again point out that major disassembly, such as

heaa remova! may result in increased unreliability and unavailability.

5-3-93 32 Rev.1
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3.13 PUSH RODS (02-390C),

The scope cf this review will be limited to push roas of the friction welded design as this is the only design

currently in use, Other cesigns are not addressed by this submittal and the previous recommendations
,

I
mace remain valid.

|
,

PM Recommenda1]Qas

The push rod preventative maintenance inspections are listec in Pan B of Appencix A. The-

,

recommencation requires an engine teardown .

4

BEkgIORDQ

2 ' Design analysis of this cesign showed that potential buckling uncer the loads to be imposed was not a

concern. Metallurgical evaluations showed no major discrepancies in the chemicalcomposition, hardness, ,

or microstructures of any components. A fatigue crack growth analysis showed that, under cyche loading,
,

no potential fabrication cracks are expected to propagate in either the main or intermediate push rods using

this cesign. A fatigue test that included 10 to the seventn cycles compressive load from zero load to'a

value approximately 25% above the maximum theoretical service 10ao, was also conducted, No cracks or

indications were found,
i

BR1UllS 2f_l0322C110DS

Over 900 push rods have oeen inspected following extended serwee and have shown no problems. '

,
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i

i

COEl!JSiQas .

O .

'3ased on the posit;ve inspection results and the conservatism of the design future inspections as reawrea,

in the DR/OR are not warranted and the Owner's Group proposes to delete this item. Should trese

components be removed for other reasons, Owner's may elect to conduct these inspections depending en .;

the service life anc reasons resulting in engine teardown.
|

!
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3.14 CYLINDER HEAD STUDSs
,

Studs in nuclear service engines have been replaced with the latest design and installed in accordance with

the procedures recommenceo by the manufacturer. This issue was closed in.the original NRC review

resulting in no preventative inspections for this component. There has been nothing found in subsequent

operation of these engines to change this finding.

|
4

,

I

')

I

-
.

|
,

-

i

i
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3.15 ROCKER _ ARM CAESCHERS_LO2:390GJ

\

EM.HecommendatiQns j

The rocker arm preventative maintenance inscections are listed in Part B of Appendix A. The inspection -

is a 'one time' inspection and has been completed for all engines. The inspection does require teardown.
j

l
;

Backaround
i

|

!

The review dunng the initial DR/OR revealed that caoscrews failures had occurred on an isolated basis.

|

The cause of the failures was due to insufficient preload on the capscrews. This failure nistory resulted in l

the requirernents outlined under the PM Recommendations. The Owners' Group performed a detail design f

review of the component which calculated appropriate resultant stresses, endurance limits, and looked at

O the material requirements to determine that the material is suitable. I

BESMllS_QllDSnefd!W13

Subsequent to incorporating the torcue recurrements there have been over 500 inspections of this

component with no major problems found. River Bend has reported two pop nvets missing; this was

disocsition as not being a problem as lubrication could still get to the needed areas.

!

CQncluSiOD

This inspection is currently performed only on reassembly of the rocker arms. This should continue when ~

the rocker arm is removed from service for any reason.

O
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3.16 TURBOCHARGERS (MP022LQ23)

P.M Pec.gmmendations

The turbocnarger oreventative inspections are listed in Part S of Appendix A. Specifically, PM

Recommendations 2.4,5. and 6 require teardowns. These inspect: ens have been performed on a per PM

bas:s as detailed in Appendix B. These turbochargers typically see operation hours of approximately 500

nours per 5 year intervat.

Bac3grouna

Turbocharger performance directly affects the design rating of the engine. During the DR/QR review,

several beanng anc tubncation problems were identified. In addition, there was a concern dealing with the

potential for damage of the rotating vane group due to ingesting fragments of material, specifically bolts and

blades from the stationary vanes assembly that had failed due to f atigue loadings. The response to these
.

concerns were answerec as follows: '

|

!1) Lubncation anc Beanng Wear

The Owners Group reccmmended modifications to install the dno and full flow prelubrication system to - 'I
!

provide an cil film to the turbo bearings that would drain away during standby and that this system should {

be actrvatea to pre!ube any planned start. This recommendation nas been implemented by the Owners.
!

In acdition. oil sampling was recommended as a means to detect s:gnificant bearing wear. PM items 1,3
{
land 4 relate specifically to this concern. t

fSG !
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* 2) Potential For Damage to Rotating Vanes In ;

l' b i
;

Dunng DR/OR review. it was learned that at least one engine in nuclear service had experienced loss cf

a stationary vane, and from tne rotating vane group, bolting material The net effect of this event was tnat

no significant damage occurred. and the turbocharger performance was not effected. This is documenteo

in NUREG 1216 as referenced. This issue resulted in PMs 1,2,5,6, and 7.

Results.nt.lascections

,

PM items 2.5, and 6 require tearoown. Appendix B shows the number of t;mes that each PM has been

performed. The resuits of the inspections have shown that in most cases the oil system modifications have

resulted in eliminating signiiicant bearing wear. In a case where some moderate amount of wear was fount

this was detected v:a the oil monitoring trends. There is no case where failure occurred due to excessive

bearing wear,

Since the onginal d:scovery of stationary vane failure and passing of this matenal through the rotating vane

group, three other occurrences have occurred with the same result that the vane fragments passed througn

the rotating vane group with no significant damage and no significant ::egradation of turbocharger

performance.

C.QEclusions
,.

;
b

Based on the positive inspection results desenbed and detailed in Appendix B, PM items 2,4,5,and 6 are
t

not required. PMs 1.3 and 7 will be continued as a part of the future maintenance program. PMs along witn

results from the c.1 sampling program and exhaust temperature trending -will show degradation 1
,

turbocharger performance and/or indicate increased beanng wear or vane camage. This will permrt the
O
V
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.

utility to evaluate and take actions necessary to correct the problems. Should the turbochargers ceb
~ V removed from service for any reason, the PM recomtnendations 2,4,5, and 6 should be considered as gooc

maintenance practice. .I

|4

{

I
,

-|

|
.;

I

l
!

!
,

1
i

'l

i

O !
.

6

i
.

1

5

i

';

|'

.

.

L

i

'
,

i

e

I 5-3-93 39 Rev.1
- i

.

~

i ..

g,..
*

, . . + . ~ . . - . . . . + . - . , . . - . - . ~ . . . . . ~ , . , - . , , , . , - . - . , , - , . ,. , . , , , - 1., - , . , , , , , . . . . . , , . . - - , , - ,



4.0 SYSTELLUNRELIABILITY

(

System unreliability for the TDI EDGs has been consistent with the industry median for the period since

DR/OR was completed. A review of the INPO data for the period 1/9012/92 gives a median unreliability

for TDI EDGs as 0.0094. This is well within the expectations of NRC guidance for either a plant needing

a 0.0250 unreliability or 0.050 unreliability as directed by Station Blackout and equal to the current indu stry

median. Some unreliability has been attributed to the engine teardowns and inspections. Industry
,

experience indicates that elimination of frequent teardown and inspections has resulted in an additional

decrease in unreliability. The following table lists the INPO data fumished for unreliability:

INPO UNRELIABILITY VALUE FOR TDI DIESELS

1/90-12/92

ENGINE UNRELIABILITY

O
1 0.0000

2 0.0000

3 0.0000

4 0.0000

5 0.0000

6 0.0000

7 0.0103

8 0.0109

9 0.0085

10 0.0250

11 0.0313 Entire Page j
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Revised
,n

l 12 0.0336
C

13 0.0333

14 0.0364

15 0.0115

16 0.0450

17 0.0000

18 0.0000

MEDIAN 0.0094

A review has been made by the utilities having engines 12,13,14, and 16 as to the cause of the higher

unreliability and what is being done to improve the status. The findings are as follows: 1) Some of the

\ INPO numbers have reporting errors and some of these numbers are really better than reported. These

utilities are working with INPO to resolve these problems; 2) some utilities have reviewed the failures that

were reported as being valid and feel some of these " failures' were conservatively reported and are

reviewing the data to determine if the number of valid failures reported Is accurate, and 3) in the cases

where the numbers are accurate, recent improvements have been noted and the individual utilities are

working to address improvements in the program. It should be noted that some failures are hard to detect;

for example, a field breaker failure did not show up until the monthly test run. For this item investigation-

showed that it had failed prior to the run and significant additional time had to be added per the INPO-

guidelines for the diesel being out of service. It is concluded from the data provided that the unreliability

of the TDI EDGs is within the bounds and expectations of the regulatory guidance and other diesels within

the nuclear industry. ~ Entire Page Revised
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5.0 SYSTEfiUNAVAILABILITY
|

O |
System unavailability has been reasonable for the TDI Enterprise engines since DR/OR as measured by '

the INPO indicators. (The INPO Indicators are based on unavailability during power operations.) The <

industry median (for all engines) is 0.0182. The median for the TDI engines is 0.0177. The following table

gives the unavailability three year values for the TDI engines in service for the pened
;

1/90-12/92:

INPO UNAVAILABILITY VALUES FOR TDI DIESELS

1/90-12/92

ENGINE UNAVAILABILITY.

1 0.0196

'

2 0.0105

3 0.0106

4 0.0134

5 0.0141

6 0.0190

7 0.0318

8 0.0348

9 0.0165

10 0.0413

11 0.0343

12 0.0405

13 0.0432 Entire Page Revised
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14 0.0650
p
( 15 0.0125

16 0.0160

17 0.0101

18 0.0110

MEDIAN 0.0177

Recent industry events have focused more attention on unavailability of safety relatea systems especially

the diesels during modes of operation other than full power operation. The above numbers reflect standard .

industry practice of determining unavailability dunng periods of power and non power operation. Review

of data from utilities involved with this submittal. accounting for unavailability during outages would '

substantially increase the median. As an example, assume an outage of 6 weeks for an overhaul on a

diesel. This would result in 1008 hours out of service and if this were translated, would result in an

unavailability of 11.5% for the year without any other unavailability factored in. In review of data from

utilities supporting this licensing request, unavailability numbers in the range of 10-15% (on a per engine

basis) would not be uncommon with outage out of service time figured in. By not performing major

teardowns, out of service durations during outages could be shortened to two weeks and significantly

reauce this unavailability. The numbers presented above also include outage time related to raw water and

other systems that contribute unavailable time to the engine; not just the engine itself. In the case of any

engine having an unavailability of greater than 0.4, a review has been made and the unavailability for these '

engines is improving.

t.

Entire Page Revised
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HOW TO USE THIS APPENDIX
O
V

Appendix A is a reproduction of Appendix !!, Revision 3 of the TDI DR/OR report and is placed here for the ..

convenience of the user. Appendix A provides, for information, the specific Preventative Maintenance (PM)

Recommendation that is currently performed on the Enterprise engines. These recommendations describe

the inspections performed as well.

Appendix B is a tabular listing of the collective results of the inspections performed that are listed in

Appendix il from the utilities listed in Section 2/0. Each table in each Appendix is listed by Component

number. Thus, one may look for an item such as Connecting Rods in Appendix B to see the results of an

inspection. The component number for Connecting Rods is 02-340A/B which is found in the text by the

section number. If one were to need to know what inspection was performed to obtain these results, then

one would refer to Appendix A using this component number to find a description of the inspection .

performed. Some components have multiple inspections listed in numerical order under PM
,

'

recommendations.

;

|

'l

New Page

'
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TDI OWNERS GROUP
{
b GENERIC MAINTENANCE AND SURVEILLANCE PROGRAM

APPENDIX - II

I. INTRODUCTION

The purpose of this appendix is to provide the TDI Owners with a set of maintenance and

surveillance recommendations for diesel generator components which have been developed by
TDI and/or the Owners Group as a result of the overall Owners Group Program and including
subsequent testing and inspections performed following the review conducted by the original
program. This appendix is intended to enhance the existing TDI Instruction Manual, Volume
I and Volume III, which will maintain the qualification of the diesel generators for the life of
the plant.

11. METHODOLOGY

During the implementation of the Owners Group Program Plan, the Owners Group Technical
Staff reviewed many sources of information regarding the maintenance and surveillance for the
diesel generator components identified in this appendix. These sources included TDI '

Instruction Manuals Service Information Memos (SIMs), and TDI correspondence on specific
components. The basis of this matrix is formed by the following:

I
Owners Group Technical Staff review of TDI Instruction Manuals. SIMs. and TDI*

correspondence on specific components.

Technical Staff input regarding the adequacy of recommendations found in sources*

mentioned above.

t

Additional maintenance recommendations identi6ed during the DR/QR review and*

from 10CFR21 reports and operating experience at nuclear plants.

Results of subsequent testing and surveillance ti.e., Shoreham EDG103 750-hour -*

endurance run and subsequent engine teardown performed following the review
conducted during the original program.

Additional review by the Owners Group representatives.*

It should be noted that this revision in some cases modifies the original program results based
on this additional information and review.

II-A-1 Revision 4
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111. RESULTS AND C_QNCLUSIONS

Proper mamtenance is important in ensuring long, reliable and satisfactory service of the
emergency diesel generators Maintenance work, in order to be effective. must be carried out
thorcoghly and regularly. It is for these reasons that a detailed schedule of maintenance
service has been laid out by the Owners Group for the TDI Diesel Generators. This schedule
should be followed as closely as the operating conditions will permit. This maintenance
service as specified supersedes previous general maintenance requirements, but is separate and
does not supersede Quality Revalidation and/or modifications previously recommended. The
schedule details specific components requiring maintenance on a regular basis. This schedule
separates the maintenance activities into frequencies as set forth in the subsequent list of
definitions.

Inspections, as outlined in this maintenance schedule, are to be performed and parts
refurbished or replaced as required by the program or deemed necessary by the inspection.-
Any adverse findings shall be investigated and corrective action, including amended inspection
frequencies, shall be implemented unless sufficient justification is present to do otherwise.

This generic matrix. Parts A. B, C, together with Part D entitled " Site-Specific Maintenance
Matrix" and the sources defined in Section !! form the TDI Maintenance Program. Note that
component numbers used in the generic matrix are for Texas Utilities' Comanche Peak Steam
Electric Station - Unit 1. Part E provides a cross reference to identify corresponding
components for other engines. Also note that a blank in the cross reference signifies that a
component is not on a particular engine and, thus, tnat the Owner would not perform that
maintenance item.

1

Tables 1 and 2 of part A provide engine operating and standby surveillance parameters and
standby surveillance parameters and frequencies. It is recommended that the utility address
these tables in its operating and monitoring programs. Table I addresses operating parameters
and is not duplicated in the maintenance schedules; these parameters are to be recorded and/or
checked during the monthly testing and any other period of operation. Table 2 addresses the
standby parameters that occur on a daily frequency and are not duplicated in the maintenance -
schedules.

IV. DEFINITION OF TERMS

1. Overhaul Frequency

a) A complete engine teardown inspection will be performed every 10 years. The utility
has the tiexibility to inspect one engine / reactor unit at the End of Cycle (EOC) prior -
to 10 years and the other engine at the EOC following 10 years. Alternately for PWR -
units, the inspection may be performed coincident with the 10-year reactor vessel !

inservice inspection. This will permit both engines for each unit to be disassembled in.
parallel since one engine will not have to remain in service with the reactor vessel off
loaded. (For reactor units having three engines, the inspections are to be carried out
as above with the third engine to be inspected at the second EOC following 10 years.)
The 10-year interval will typically be taken from issuance of the Low Power

O '|
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Operating license or from subsequent teardown and inspection for plants already in
operation.

b) A one time inspection will be performed at the EOC closest to five years. For a unit. I

one engine may be inspected at the EOC prior to five years and the other at the EOC
after five years to minimize plant outage length. (For reactor units having three
engines, the inspections are to be carried out as above with the third engine to be -
inspected at the second EOC following tive years.t This inspection will generally
involve the same components as the 10-year teardown; however, only a sample of 3

items for some components will be inspected as set forth in the maintenance schedule.
During this tive-year inspection, any significant adverse findings of a particular
component will result in an inspection of all such components of that engine to
determine any adverse trends. Favorable findings will result in reassembly of the
engine for service.

2. Daily Frequency - To be performed once per day,

3. Monthly Frequency - To be performed once in a month: normally during, before, or after test
run per plant Technical Specifications.

4 EOC (End of Cycle) - To be performed once during outage for refueling. -

5. Alternate EOC - To be performed once every other outage for refueling.

6. Five Years - To be performed once at the EOC occurring nearest to the end of a recurring

( five-year period or at the EOC midway between the one time EOC 2 inspections and the first
. overhaul inspection and subsequently midway between each overhaul.

7. As Required - To be performed as often as good. maintenance, site procedures, manufacturer's
recommendations, or experience dictate as determined by site personnel. t

8. Maintenance - Monitoring and/or surveillance on 'a periodic frequency to assure the component
will perform its intended function in a safe reliable manner.

9. Accessible - Any item on which the required function can be performed without disassembly
of an engine component. Removal of detined access cover is nol considered disassembly.

10. Appropriate NDE - Nondestructive examination selected by site personnel that is most suitable
~

to obtain the information sought by an individual inspection item; choice of NDE shall be
made to assure that the technique will detect indications consistent with the acceptance criteria. '

(D
(/

r
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TABLE 1
, - -

t

.

Diesel Engine Operating Suiveillance Parameters and Frequency

COM PONEN_I FREOl'ENCY

1) Lube Oil inlet Pressure to Engine Log hourly
'

:) Lube Oil Filter Differential Pressure Log hourly

3) Lube Oi' Temperature tengine inlet and outlet) Log hourly

4) Lube Oil Sump Level Log hourly

5) Turbochange Oil Pressure Log hourly

6) Fuel Oil Filter Differential Pressure Log hourly

7) Fuel Oil to Engine Pressure Log hourly

8) Fuel Oil Day Tank Level Check hourly

9) Jacket Water Pressure (engine inlet) Log hourly I

O
d 10) Jacket Water Temperature (in, out) Log hourly

iI) - Engine Cylinder Temperature Exhaust - All (if temperature Log hourly :
in any one cylinder exceeds 1050", refer to MP-022/023
Item 7). -]

12) Manifold Air Temperature (RB, LB for DSRV Engines) Log hourly !

13) Manifold Air Pressure (RB. LB for DSRV Engines) Log hourly

14) Starting Air Pressure (RB, LB for DSRV Engines) Check hourly

15) Crankcase Vacuum Log hourly

16) Engine Speed Log hourly

17) Hour Meter Log hourly

18) Kilowatt Load Log hourly !

19) Visual Inspection for Leaks. etc. Check hourly

OV
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TABLE 2

V Diesel Engine Standby Surveillance Parameters and Frequency
4

COMPONENT FREOUENCY

1) Lube Oil Temperature (in, out) Log daily
,

2) Lube Oil Sump Level Log daily.

3) Check Operation of Lube Oil Keep-Warm Pump Motor Daily j

4) Monitor Lube Oil Keep-Warm Strainer and/or Filter Daily
'

Differential Pressure l

!

5) Perform a visual inspection for leakage of the Lube Oil Daily
Heat Exchanger. Verify that no leakage through the
leak-off ports of the lantern ring is present.

6) Fuel Oil Day Tank Level Log daily -)
.

7) Jacket Water Temperature (in, out) Log daily 1

Q 8) Perform a visual inspection for leakage at packing for Jacket Daily
. Q ~ Water Heat Exchanger whenever the engine is in the emergency

STANDBY mode. Verify that no leakage through the leakmff
ports of the lantern ring is present,

9) Verify proper governor oil level Daily

10) Verify proper oil level of generator pedestal bearing Daily

ll) Staning Air Pressure Log daily

12) Drain air receiver float traps and/or drain Starting Air Storage Daily
Tank and monitor the quantity of moisture produced. If
quantity of moisture is excessive, correct immediately.

13) Check Operation of Compressor Air Traps Daily

14) Test Annunciators Before Engine :
Operation

15) Check Alarm Clear Before Engine
' Operation

,

4
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IAllLE.2 (cont'd)

Diesel Engine Standby Surveillance Parameters and Frequency

COMPONEN"I FREOUENCY

16) Inspect for Leaks Daily

17) Visually inspect intercooler for external leaks including Daily
intake manifold drain connection.

|

O.

1
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CdERIC Ellm0lalCE ETRII - PEASE I

h pocent Cc g nent AltRater Identification PM Remenendation Manttiy II]C E 5 fea; 0<erbaul Cocment.:

-MP-022/23 Tuttc targer 1. Measure vitratloa and check X To be accomplished af ter
with tasellre data, obtalaing stable exhaust

terperature conditions,

2. Inspect Irpeller/ diffuser and X
clean 11 necessary.

3. Measure retor end play (axial X Review thrust bearing axial
clearance) to identify trends clearances after inspection
of increasing clearance (i.e. to determine if a trend
thrust tearing degradation). exists. Any trend toward

increasina axial clearance
could siq61fy thrust
bearing degradation.

L Ferform visual and blue check I thte: Thrust bearing
inspections of the thrust inspection shculd also be
tearing. performed after

experiencing each 40
nonprelubed (aulcoath.)
fast starts. In addition,
a one-tire inspectnon
siculd te completed after
the first 100 engine
starts.

5. Disassettle. Inspect and X Nate: During reassembly.refurbish. ensure that capscrews are
properly Installed with the
recottended torque. If QR
Inspection was perforced
prior to accumulating
signi!icant hours (1.e..
the nurter of hours
accumulated during plant
preoperational testing,
approximately 100 Murs),
the turiccharaers should be
reinspectedalthenext
ECC

6. The nozzle ring cor nents and X Or perform a visual
inlet guide vanes s uld be inspection on one turbo-
visuallyinsjsshowingdis-ected for missing charg er nuclear unit at
parts cr par each
tress. 11 such conditions are

n.3 -
,
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G'3&21C BIlfD3AlCE MIEII - FliASE Ir

Cet ett Cor;onest allr identification fit liecrcrendation kathly E ECC 5 Year 0<erhaul Comments

r.cted. the entire ring assembly Any tuttocharger in which
should te replaced. nozzle ring ancealles are

focad as to te reinspected
at the next ET

Nate. Discontinue Inspec-
tion with appropriate re-
design.

7. Monitor Inlet ter.perature to Monitoring may te per-
ensure gas ter[cerature does not forted using permanent
exceed canufac urer's recce- In-line thertoccuple,
rendation of 1200*F if exhaust strap-on thermocouple, beatterperature tcr any cylinder gun, or other sultalle
exceeds IL50*E (Reit: Table 1). teans that has been

appropriately tested and
calibrated per plant pro-
cedures.

Note: Also periors coal-
toring any time the engine
operates in an unbalanced
condition.

02-305A Base Asserbly 1. Perform a visual inspection of - X late: Any cracks detectedthe base. Ibe inspection must be investigatedshould incitde the areas
adlacer.1 to the nut rockets of

further Lefore the engine
is allowed to return toeach bearina saddle and be service. Ite rating sur-condsctedafterathoroughwipe

down of the surf aces using faces of the Lase and cap
good lighting. shall be thoroughly cleaned

with solvent befo:e ar.y
reassetbly. Perfcts on EOC
tasis for 3 cycles, then
overbaul provided there are
satisfactory results.

Note: 3 EOC Inspections may
be eliminated by perforting
a retal analysis to confirs
consistent to class 40 grey
iron requirements: perfort-
ing analysis does not elimi-
nate need for overhaul in-
spections.

Il-B-2 kevision 3
_ - _ -
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G3Q11C MilEIDillCE MAI111 - PluL% 1
Cos;onest Cceposest att
1:nher Identification FM Ecan: calation Monthly LIC ECC 5 fear 0<erhaul Comments
02-3G5c r. air. Eearing Caps - Studs 1. The ratirg : rfaces at the

an1 kts tealla; cap / saddle Interface
thould te inspected uten
disassestled to ensure the
atsence ci surface Irperfec-
t1 cts trat right prevent tight
tcltap.

lute: Upon remval of bearing
caps, clean rating surfaces
with a solvent pract to reassee-
tly cf the caps to tLe Lase.

02-310A Crankshaft See site specific
reccrrendatio:s

02-315A Cylinjer Block
Seesites["ect!)crecc.rten.ta lons

02-315C Cylinder Liters 1. Pericts a v:sual inspection of 70 te perforred for one EOC
liters for progressive wear. following piston renoval;

then discontinue nntil next
piston recoval. Baroscopic
Insrection is acceptable if..

tea 3s are not reseved. Cce-
plete 701 Inspection and

' halntenance Record Fora Ha.
315-1-1 as applicatle. TDI
Instruction r.anual. Volume
1. Sectica 6.

02-310A/B Connecting Rods. Bushings 1. Inspect and reasure all con- 1 Cosplete TD1 Inspection andand Bearing Shells cecting rod bearing stells to kaintenance kecord form No.(Generic) verify Itte oil ranntenance. 310-1-1 as applicable. TDIthict. a!!ects sear rate. Instruction Mancal. Valute
1. Section 6. appendix III
for clearance values. Per-
fort inspection at 5
en iters accessible, pars.
consistent with ites 2 of
this c0eponent.

11-B-3 R~6e m 1
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.

. 2nent Cou;nnent Alt
- r identaticatico FM terrawndation Hunthly b10 Erf 5 tear 0<erhaul Comments

2. Inspect and ceasure the X Corplete TDI Inspection
ccnnecting rods. Maintenance Record form M.

313-2-1. -2 as applicable.
Note: Perforr. Inspection and TDI Instructica kanaal,
measure [ cur connecting rods Volute 1. Section 6
for DSRVs and two for USRs at
randet at one time 5-year
inspection.

3. Perform an c rav examination on This is to be perforced
all replacement" tearing shells prior to Installatica of
to acceptance criteria any replacerent teartnq
developed by Owners Group shells as required.
Tect:1 cal Staff.

4. All connecting rod toits. nuts. X Perform Inspection at 5
and washers slbuld te visually years, en iter.s acces-
Inspected, and damaged parts sible, consister.t with
should be replaced. ft.e tolts Itet 2 of this ccrpenent.
srculd be MT inspected to
ver1!y the continued
absence of cracking. No
detectat.le cracks stuuld
be allowed at the root of
the threads. ~

5. During any disasser.bly that Perform inspection. as
expctes the inside diateter of required and on 1ters
a tod-eye (pl: ton pin) bushing. &ccessible. tonsir, tent
tle serlace c! the tushing with itet. 2 of this
should te LP inspected to ccrponent.
verify the continued absence of
linear indications in the
teavily leaded zone width +/-15
degrees cf the tottcm dead-
center gesittoa.

02-340 A/B Connecting Rods. Bushings 6. Heasure tite clearance tetween To be performed at each
DSRV's and Bearing Shells the link pin and link rod. This reassembly of link pin toonly clearance should he zero; i.e.. link rod.

.
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GEERIC EllifnArE ETRII - FilASE I
"ent Cos;onert altit- r identification hi R - ~ * tica hanthly III Erc 5 Year Overhaul Cocaents

no reasurable clearance when
the specified icit torque of
1.050 ft-Its as ap;;lled.

1. At the overtaul. visually X
In:. pct the rack teeth surf aces
for signs of fretting and at
ene time 5-year inspection for
roda disassettled

"

8. Inspect cating surfaces to To be perfortea o ice for
verify that tne sinicus new anB/cr replacement
ranufacturers' recorrended parts.
percent contact surface is
available.

9. If connecting rod tolt stretch X Also to be perforr.ed at anywas reasured ultrasonically time the connecting rod isduring reasserily folleving the disasseriled. Performpreservice inspection, the inspection at 5 years. onlen ths of the two pair of
toll'satevethecrankpin items accessible, censis-

tent with itet 2 of thisshculd be reteasured nitrasont- ccrponent.cally tefore the link rod box
is disasser. bled. If ultrasonic -

reasurerent has not previously
used, tegin use at next
inspection that accesses the
connecting rods. Measure lult
stretch belcre disasserily.

lb. All contiecting rod bolts should
X Also to be perfortred at anybe visually inspected for tire the connecting rod isthread dataat (gallingl and the disasserbled. Performtwopairsofccanettingrod inspection at 5 years, ontolts atove the crankp u should items accessible,be NT inspected to verify the

censistent with item 2 cfabsence cf cracking. All
vashers used with tne telts this componcat.

shculd tr ex3eiceJ visually for
sicas of galling or cracking
and replaced if Jacaged. If
pre:;tressor rackage la
installed this iteo does g
apply.

II-B-5 " " '- *

_ _



!

,, ,.n.

.

CEhEIC MAlhTDIAICE MATE!! - PET I

cent Component Alt
It' r identification PM Recocnendation Ibathly Err ECC 5 Year Wethaul Ccements

11. A visual Inspection should be X Also to be perforred at anyperferred of all external time the connecting rod issurf aces cf the link rod tex to disasseriled. Perfora
verify the atsence of any signs inspection at E years, on
of service-induced distress iter.s accessible, consis-

tent with ites 2 of this
component.

12. All of the tolt icles in the X Also to te perfors.ed t anylink rod ton should be tite the connecting rod is
inspected for threaf damage disassettled. Perform in-(aalling) er other signs of ection at 5 years, on
aEncrralities. Balt holes s{ets accesulle, consis-:.
subject to the higtest stresses tent with item 2 of this(the pair treellately ateve the carpener.1
crankpin) should te examined
with as appropriate non-
destructive rethod to verify
the absence of cracking. Any
Indicaticas should be recorded
for evaluation and corrective
action. if prestresser package
is installed. this itet does
E.01 apply.

02-341A Pistons 1. Inspect a.'d re sure skirt and X Corplete TDI Inspection andpiston pin. Tals iten assumes
that AE skara are installed.

Maintenance Report form fio.

for other types. see site- 311-1-1 as applicable. TDI
Instruction Manual. Voltrespecific recorrer.dations. 1. Section 6. Use Voltre
1. Section 8. Appendix 111
for clearances values. To
te performed at 5-year
Interval on sampling hasis
consistent with Ccaponent
02-3401/8-Connecting Rods.

02-360A Cylinder Bead 1. Visually inspect cylinder heads I complete TDI Inspection and(all cylinders).
Maintenance Eecord form lio.
350-1-1 as applicable. TDI
Instruction Manual. Volume
1. Section 6 - one sheet
for each head. To be per-
forced at 5-year interval
en sampling hasis consis-

' tent with Cceponent 02-310
A/B - Connecting Rods.

. . . .
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Coronent Ccs;ncent alt
lion.5er ident112 cation 111 Ececuendation Ibothly E!E EOC 5 fear overhant Comment ,

2. Record cold corpression pres- X If 40 indicated - terove
sures and monistr. firing cylinder heads. grind
pressures. valves, and reseat. Reft;

TDI Instruction Manual.
Voltre 1. Section 6.

3. Blow-over the engine at least i in the event water is
beurs but not more than 8 hours detected. the cylinder head
after engine shutdawn. Ite should be replaced or re-
cylicJer cocks should be open turned to the vendor for
fer detection (-! water leakage repair. Delete post-run
into the cyllt.ders. A second air roll requirer:ents foi
air roll snculd te perforced in engines with Group 111
tre save ranner approxiestely heads after one cycle with
24 t. curs after engine shutdown. positive in:pection
la addition. the engine stould results.
te air rolled Ltartly before
any planned start.

1. Visually In:.pect trie area k If water leakage is
around the fuel injection port detected. the head (s)
on each cylinder head during should be replaced.
the corr.al ranthl
signs of leakage.y run for

02-365C fuel injection Tubing 1. Cteck tubing for leaks at X All fuel oil leak in-
corpressica littitys. spections to te performed

while the engine is running
or shenever the ccepression
fitt1 Lgs have been
disturbed.

2. Visually inspect tubing X Fitting inspection forlengths for fuel oil leaks leaks to be perforced at
er cracks if tubing is engine operatica followingunstrouded. If shrouded, shutdown. Subsequent
fuel all leakage can be Inspections to be performed
detected at the leak-off periodicallyasIndicated.ports in the base nuts. Unshrouded tubing used as
which are prcvided for replacecent. should be
this parpcse. cr by annun- fully inster.ted consistent
ristor if so equipped witt. FtM.'NDE Procedure

11.10 prior to tending.

11-B-1 P-vi-i s 1 -
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Coopeert Ccurpinent
altllanter identificatnon 11 Eca>==ra141non n>nthiy t2C ETC 5 tear O<erlaul ca==ents-

02-390c Push Rads 1. Each pu:h rod of the forged- X Refr: FNL-5600
head design siculd be inspected
by ligaid penetrant prior to
Installation cr. 11 installed. p-
at each overt;aul. Inns should led
te repeated, pntil,it_ hat tesa - -

750 ft.urs of
determined t{the-load leveloperationat
used fcr surveillance testing
that the push red will not
develcp service-tr.duced cracks.
Push rods confitted in this way
teed te exatined only visually
at subsequent overhauls. Push
rods of the Icrged-head design
exhibiting cracks larger than
0.25 inch shculd te replaced.
preferably vitt push rot.: of
the friction-welded design.
Each forged-tead rod should
also te visually inspected one
tire to confire that the head
was fully inserted in the tube
prict to velding.

2. Each push rod of the friction-
K Refr: FNL-5600.welded design should te

inspected initially by liqu d if initial Inspenetrant. Ifthisinitial not performed,pection wasperform onInspection was not perforced satpling Lasis at 5-yearprior to placing the push rods inspectica censistent with
in service. It should be Component 340A/B -perforced at the first over- Connecting Rods.hacl. If the friction-velded
push rod has teen prevacusly-
Inspected by liquid penetrant,
then visual examination vill
suffice for future inspections.
All frictica-welded push rods
with tracks should te replaced,
preferably with rush rods of

.the sate design.

,, . .

.
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GEERIC ELINTEREE ETRi! - PBSE I

Cc vonent Capocent Alt
In' aber Identification 111 Recoczcodation Ibathly NE EOC 5 Year Overbaal Coseents

02-3%G Rocker Art Capscrews. 1. Verify cap; crew torque values Use TDI instruction Manual.Drive Stut (Pop Rivets 1 duringORinspections. !! not Volute 1. Section 8
perforsed at 02. verify at next Appendin IV for proper
ECC. then as required at torque values.
reassettly.

2. Verify that rocker are drive
,

studs are intact and tight
during [R inspe tion or EOC1.
then as required at seassettly.

02-125A Jacket Water Pump - Gear 1. Visually inspect lacket water 1 Any abnormal situatior.s or
purp gear for chipped or broken Indications of progressive
teeth, excessive wear, pitting pitting should be reported
er cther atoctral conditions. for an engineering

evaluation. Ecr e toes
with less than 750 urs.
also inspect by EOC2.

2. Check the key to keyvay X This along with the drive
interface for a tight 11t on fit of the 1tpeller onto
toth the perp shaft to impeller the shaft will preclude
and tte spline to purp shaf t past problets 6here
during purp reasse bly. relative s.otion between

shaft and 3rpeller caused
At next disassertly. vertly fretting and u;. set of
Impeller is one piece (i.e., the keyway sides.
Withcot a tore insert). If it
is tot a one piece lepeller.
replace.

. 3. It is reccomended that the Torque valves will be
castle nut that drives the checked each time castleexternal spline on its taper nut is reassettled.
have minitut and taximut torque
values of 120 ft-lbs and E60
f t-Its respectively for DSRVs
and a taxists torque value of
17 ft-lbs for DSEs.

, , . .
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SITE-SPECIFIC WallflullCE MATE!!

Ccc unent Cosponentber Identification PHEm -~htlon lunthly Ett EDC 5 Year Overhaal Comments
11L

02-310A Crankstait 1. Measure and record crankshaft X

web deflections (hot and cold). Corplete TDI inspection and
Maintenance Record fors No.
310-1-1 as applicable. TDI
Instruction Manual. Valore
1. Sectica 6. Reft: TDI
instruction Manual Volute
1. Maintenance Schedule.

2. Examine the fillets and oil 1 Also to te pericreed onceholes of three cain bearing at 5 years.Journals (4. 6. S 8) using LP. Ref: - Pht %00.If Indicaticts are evident, a
rare trarough examination
should be made usina
apptcpriate HDE rethods.

3. Exatine the filitts and oil X Also to be performed onceholes in three cf the crankpin at 5
Journals (choose 3 from Nos. 3 Refr: years.Pld,-5600.
throuah 8 inclusive) using I.P.
If indications are evident. a
tore thorough exacination
should be made using
apprcpriate NDE tethods.

,.

4. Measure diareter of crankptn
X Corplete TDI inspection andJournals.

Maintecance Reccrd Ects No.
310-3-1 as applicable. TDI
Instruction Manual. Volete
1. Secticn 6.

Aso perform inspection at 5
years. on items accessible,
consistent with this
compnent and Corponent
02-340h/B.

5. Analyze the trends of cylinder X II an engine operates in apressure and terperature seas- severely unbalancedcrerents to detect it. balances. condition, reinspect the
oil roles for fatigue
cracks wihin a tite-frame
determined by the utility
considering the particular
circumstances of the
atnormal operation.
Refr: PNL-5600,

e...,..,
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Ccc- sett Cosionent
attit r Ident111 cation FM E - +mbtlon h;cthly HI EDC 5 fear 0<erhaal comments

Nate: 70 avoid the effect of Reft: Pht-5600.the (th order resonance, steady
corr.al-loaded operation at
speeds scre than a few rp
telowthetutedspeedof450
rp should te avoided. Appro-
plate precauticas should be
taken to prevent sustained
engine operation with
sigalficant cy11cder 1rtalance.
Lower speeds let testing and
break-in are terrissible.
Avoid resona:.ce f requencies.
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SITH-SPECIFIC MAllfrEE)CE MATRII

Compoent Cosqnnent alt
kater identification ill Recornenfation Mothly TIC ECC 5 Year Overhaul Cosetnis
02-315A ' Cyllider Block 1. Perform in:pections per DR/QR Inspections based on

Repcrt 02-315A. curulative engine tours ao
conjunction with FaAA

2. Perfocn visual in:pection for X rep rts EaAA-St-9-11 and
cracks. IP-Bi-6-12(}).
liote: Visual Inspection not
regillred if an appropriate NDE
II perforted.

.
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS

NAME N O. RECOMMENDATION INSPECTIONS
N O.

TURBOCHARGER MP O22/023 1 Note 1 No problems found.

2 50 No problams found.

3 87 No problems found.

4 47 No problems fwnd. Some normal bearing wear has been 1

reported. This wear has been dispositioned by the vendor as
being within acceptable limits.

5 47 No problems found.

6 60 No major problems found. 1

Vogtle and Grand Gulf have reported broken or missing bolts
passing through the rotating element without identifiable
degradation. Vogtte, Grand Gulf and Catawba have reported
missing stationary vanes without identifiable degradation.
Missing or damaged items were replaced.

7 Note 2 Performed on each test run.

Note 1: Inspections performed monthly. The number of inspections are greater than 200.
I I I I

Note 2: Performed on multiple occassions during test runs. A large data base exists.
I- I Rev 1 4/19/93Reference Attachment 1 for Phase i Components
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS

NAME N O. RECOMMENDATION INSPECTIONS
N O.

CRANKSHAFT 02-310A 1 188 No problems found. Inspection is number of hot and cold
deflection measurements taken.

2 67 Inspection is number of oil holes inspected. No problems 1

found. Upon bearing rollout to perform inspections, River
Bend has experienced minor cavitation, including pitting on
bearing surfaces.
This was evaluated and dispositioned as not a problem. The
bearings in question had performed their function and
could continue to operate withouy adverse effects. Bearings
were replaced as good engineering practice.

3 42 No problems found. Inspection is number of fillet and oil
holes inspected.

4 35 No problems found. Inspection is number of crankpin 1

journals measured.

5 Note 1 No problems found.

Note 1: Inspections performed monthly. The number of inspections are greater than 200.
I I Rev 1 4/19/93

Reference Attachment 1 for Phase i Components
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APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS

NAME N O. RECOMMENDATION INSPECTIONS
N O.

CONNECTING RODS, 02-340A/B 1 42 No problems found. 1|

BUSHINGS AND inspections indicate the number of connecting rod bearings.

BEARING SHELLS River Bend has reported some cavatiation induced pitting.

(GENERIC) The bearings remained capable of performing as designed.
but were replaced as good engineering practice. The oil
analysis did not identify bearing material in the tube oil prior 1|
to replacement.
Vogtle has found three shells with evident wear and/or
indications. These shells were evaluated and dispositioned
as acceptable. They were replaced as good engineering
judgement.

2 36 No problems found. Inspection is the number of
connecting rods examined.

3 NA See Referenced submittal to NRC, Appendix C & D 1|

4 89 No problems found. Inspection is the number of
connecting rods examined.

, .

5 34 No problems found. Inspection is the number of
rod-eye bushings examined.

i
6 71 No problems found. Inspection is the number of

|
' connecting rods examined.

Rev1 4/19/93
|- Reference Attachment 1 for Phase i Components
|

!

Page 7 of 14

|
. . - - _ _ _ . _ -



O O O
APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS
NAME NO. RECOMMENDATION INSPECTIONS

NO.

CONNECTING RODS, 02-340A/B 7 20 No problems found. Inspection is the number of rack
BUSHINGS AND teeth examined.
BEARING SHELLS

(GENERIC) 8 73 No problems found. Inspection is the number of sets of rod
teeth examined (required for new or replacement rods).

.

9 296 No problems found. Inspection is the number of
connecting rods examined.

10 20 No problems found. Inspection is the number of connecting 1

rods examined.

11 20 No additional problems found. 1|

12 20 No problems found. 1|'
Inspection is the number of connecting rods examined.
Vogtle has found 1 indication in a hole. It was evaluated and
dispositioned as acceptable. The rod was replaced as good
engineering practice.

Reference Attachment 1 for Phase I Components Rev 1 4/19/93

Page 8 of 14
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APPENDlX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS

NAME NO. RECOMMENDATION INSPECTIONS
NO.

CYLINDER HEAD 02-360A 1 151 No problems found. 1

inspection is the number of heads examined. Vogtle has
found minor pitting and nicks in 4 valves. This was evaluated
and dispositioned as acceptable. Perry has found 2 exhaust
valve seat cuts. Performance was not effected. This was
evaluated and dispositioned as acceptable. The heads were
replaced as good engineering practice. River Bend has
found problems with swivel pads. This is discussed in
Section 3.12

2 Note 1 No problems found.

3 Note 2 No problems found. 1

Some mist has been detected on several ocassions, leading
to an in-depth investigation as to the cause. The results are
incorporated in Section 3.12 and PM Recommendation No.1

4 Note 3 Inspection performed each run. No problems found.

Note 1: Inspection performed each EOC and more frequently by several utilities. This inspection collectively amounts to greater than 200 inspections.
I I I I

Note 2: Inspection performed prior to each start and collectively amounts to greater than 200 inspections.
+

| | | |

Note 3: Inspections performed monthly. The number of inspections are greater than 200.
I I

Rev 1 4/19/93Reference Attachment 1 for Phase I Components

.Page 10 of 14 -

-

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . ___ ___ - . ,.



. -_ .

)% L

APPENDIX B

RESULTS OF INSPECTION FOR TDI
DIESEL GENERATOR PHASE I COMPONENTS

COMPONENT COMPONENT PM NO.OF RESULTS AND COMMENTS

NAME N O. RECOMMENDATION INSPECTIONS
NO.

FUEL INJECTION 02-365C 1 Note 1 No problems found. 1

TUBING Minor fitting leaks have been found and repairs are made
as leaks are discovered. Catawba has examined 1 tubing
failure of unshrouded tubing due to vibrations. River Bend
has experienced 1 failure of the shrouded tubing due to the
fuel injection pump base cap screws failing. The tubing was
replaced and the engine restored to service. Root cause was
evaluated and dispositioned as not being a problem.

2 Ncr 4 1 Same as for PM Recommendation No.1

Note 1: Inspections performed monthly. The number of inspections are greater than 200.
I I Rev 1 4/19/93Reference Attachment 1 for Phase i Components
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h COKEFGE.iNG
QgI & S&iMCESitC'

Im sounr w a

/ PO Box (X)4 emgg3

(]. Churma, to 22:011004 Fax 004) r

Octcher 31, 1991

Mr. P. Om Chopra
Office of Nuclear Reacter Regulation
Electrical Systems Branch (MS 7 E4)
U. S. Nuclear Regulatory Ccmmission
Washington, DC 20555

Re: Cooper-Enterprise Clearinghouse Group
Diesel Generators
Position Paper on Radiograpa .3equirements

for Connecting Rcc Bearing Shells
File: MTS-4086

Dear Mr. Chopra:

Enclosed is Cooper-Enterprise Clearinghouse Group's position

h concerning the current radiographic examination requirement for the
V diesel generator's connecting red bearing shells as detailed- in

Appendix II of the Design Review / Qualification Revalidation (DR/QR)
Report. The position paper provides the necessary technical
justification to permit elimination of requirements to inspect
replacement bearings shells by radiographic techniques.

The Clearingncuse 3roup is requesting relief frc= the radiographic
examination requirements because the bearings supplied by Cooper
Industries are presently being manuf acturec by Federai-Mogul, rather
than the former manufacturer / supplier, ALCCA. F e de ra l'-Mo gu l

manufactures their bearing using a- centrifuge process,a more.
'

advanced method than the static mold process used by - ALCOA. The
centrifuge process eliminates the potential for void formation and
therefore radiographic examinatica is not required.

The Clearinghouse Group requests you review the enclosed document'
and based upon the technical justification provided, determine'on a
generic basis, that the current radiographic requirements are not
necessary.

Response to this issue by January 31, 1992 will be greatly

appreciated by the Clearinghouse - and the individual utilities
memcers. Should you have questions, please direct them to Rick Deeseg

t at (704) 875-4065.
A
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Very truly yours, [

'
/ W,

. Broome . B! Ge eR. D
ChairpersonPrc3ect Manager

Cooper-Enterpr:.se Clearinghouse Cooper-Enterpr:.se Clearinghouse

Duke Engineering & S e rv:.c e s , Inc . ' ~'U Electric

RDB /VMA/1C C 9 91
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\- /

cc: E. B. ~'omlicon (NRC)
Clearinghouse Representatives
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(' POSITION PAPER FOR RADIOGRAPHIC EXAMINATION OF

CONNECTING ROD BEARING SHELLS (02-340B) FOR
ENTERPRISE DSR-8, DSRV-16 AND DSRV-20 ENGINES

Purrose

The purpose of this position paper is to provide sufficient
technical justification to permit the elimination of the DR/QR
Appendix II requirement to inspect replacement bearing shells by
radiographic techniques.

Backaround

During the period of 1983-1985, thirteen utilities formed the TDI
Owners Group and contracted Duke Management and Technical Services,
Inc. (now Duke Engineering & Services, Inc.) to perform a. Design
Review and Quality Revalidation (DR/QR) of the TDI engines
following the crankshaft failure at Shoreham. A portion of this

review focused on the connecting rod bearing shells. The
experience based review of this component revealed a very small
amount of bearing failures. These f ailures were attributed to twop causes: (1) inadequate clamping force in the connecting rod3]~ assembly due to inadequate pre-load of the connecting rod bolts,
and (2) potential voids and/or impurities induced into the bearing
during the casting process. These two items were corrected by:
(1) increasing connecting rod bolt pre-load, and (2) performing.
(NDE) (radiography) of the bearing shells to detect voids or
impurities.

<

T_echnical Discussion

The original bearings reviewed and supplied by TDI were cast by
ALCOA in static molds. These castings were taken by TDI, machined,
electroplated with babbit, and then re-machined to final

tolerances. Cooper Enterprise (formerly TDI) has informed the
nuclear customers that they will begin supplying bearings purchased
from a sub-supplier, Federal Mogul Corporation. These bearings are
cast via a centrifuge process that.is superior to using.a static
mold in that the centrifuge. assures a more uniform placement'of
equal density material.

Attachment 1 from Federal Mogul of fers more details on this issue.

Material Testina
Federal Mogul perfor=ed radiographic inspections of bearing shells i

'

p] cast by the centrifuge techniques. These radiographs exhibited
dark spots or " ghosts". Several bearings containing these
indications were sectioned and metallurgically examined. These i

images were the result of either (1) material with columnar grains !

|
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as opposed to equi-axed or (2) slightly lower tin content in the
columnar grain areas. The results of the metallurgical

examinations concludee that the metal in these areas is equal to
the remaining material in nechanical properties; and therefore the
shells will perform as required.
Cooper Enterprise has purchased and installed these bearings in
several non-nuclear engines. Theses engines have accumulated
thousands of operating hours without failure.

Recommendation

Due to the manufacturing change that produces quality casting and
f avorable operating history, it is recommended that the requirement
to radiograph connecting rod bearing shells be deleted. Note that

Cooper Enterprise concurs with this recommendation (see Attachment
2). ;

O
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ATTACHMENT 1

.

Ceccer Ere-v ? /N 02 3 n.na. Ae Bearings Re:ec::d by Radict ohv

A be rac:

Bear;ngs rejected by Cooper Energy (25 pcs.) were examined using metallography,
nucrchardness, and SEM/EDS analysis. Conciusion is that dark spots in radiograph

(normally indicative cf !cwer densuy mater:21, porosity, or oxide inclusion) are in this case
due to one or both cf two possible causes: either (1) small patches of materi:1 with
:c!umnar pains as cppcsec to ecu:ax:d, cr (2) slizhtly !cwer tin content in :nes::alumnar
gram areas. Consun::icn with a r:diocrachic :xcer: confirm 6:t 6: eciumnar pains can
caus: such :n effe:: n the r=i:paph. All m::ailurgic:! ::sts maic::: 'h:t :nis me:ai :s
ecuai in mechanical pr:perties to de ecuiax:d pains, and der: fore predi:'. : hat parts will
perform accept:bly in service.

Cerv m: B. Bridtham, D. Pazuk, A. Soarks, R. Moore, D. Jackson. R. Poehler,
m

(j G. Pratt! J. Jon:s, H. Gibson, W. Cook, Ann Arbor File

FUe?Inder B 850. Mooresville, Cooper Energy

f r m c u cu ~-

- Energy pur=ses he:vy wail B-850 bearings from Mooresvule for general us:.
Wnen reou: red for sp:cial applications, the bearmgs at: inspected by radicpaphy, prior to
use, by an outside !ab, on behalf of Cooper. As of April 11,1991, Cooper reported to
Mooresville tnat they have approximately 25 bearings which they are rejecting due
indications found m r:ciograpny. 1ne oefect in radiography appears as a imy dark a:
on tne radiographic f!!=. The dark spots appear sporadically, but are more prevalent on
one half of the bearing than the other (in other words, the prevalence differs between the
top and bottom half cf the part as cast.) Unfortunate!y, there is no way to determine once
the part is machined, which half was the top and which was the bottom. Normally a dark
patch in the radiograph would indicate a low. density area such as porosity, exide inclusion,
or lack of high de=:tv phase (in this case tin).

-

Discussion

On April 11, a team consisting of B. Bridgham. W. Cook, H. Gibson and the writer
attempted to deter === the cause of the dark spots. What we found was that the dark spots
corresponded to small areas of columnar grains in the material. Figures L 2 and 3 show
cross sections of the bearing wall, heavily etched with Keller's etch, to reveni the difference
in grain structure. In all cases, de columr grains appear near the ID of the bearira,
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However,it should be noted dat even though ::is near the ID of the partit is closer to theQ
OD than m the ID of the unfinished casting, as dere is far mere materia! removed from
the ID dan th$3f d: casting during bearing manufacture. Figures 4 and 5 show ine acmal
grain s:ructure, as heavily Keller's etched. It can 5: seen that de columnar grains are much
longer dan the couf axed grams in de lengthwise direction, but possibly a bit smaller in the
shor: direenon. An attemp: was made to characteri:: de differ:n:: between the two
s:ruc:ures.

SEM/EDS studies reveal very little difference in chernical composition between the two
regicas. un con:ent, the most !ikely ma:erial to segregate and cause a difference in density,
was found (semi cuantitatively) to be 5.5% in de ecuiaxed area and 5.1% in the columnar
regien. This small difference probably does not fully explain d: dark spot in the
mdiagraph. However. in a paper entitled Recitime X rav Revecis Bonus Information
(attached) by Mr. hmes L Wheci:s of Magnailux Ccrporadon (Chi:ago Office), it is
::scrs:d hew the abncrmalities in raciographs :h::erms th:= Ghcs',indicadons') similar
to those we see >:::: can be caused by differenc:s in grain strue:ure. :: is not known which
ci d ::: two effects centributes mer::o the observed dark cicuds in 2: radiograph.

Mictenardness (Hv 50 gram) traces were mad: ceross the cciumn= .r::t. A panoramic

('' photo showing the a::ual inden:2:icns is seen in Figure 6. Resuits of the micrchardness
tests a: as follows:\

'

l Ecuiand ! Colunma- J Ecuiax:d [

?csi:icn Hardn:ss. ' Posaica ! Hardn: s, I

|

Harcness,?csicon
Hv l Hv | Hy |'

s

1 | 62.7 ! 7 | 63.7 11 | N/A' !I

2 |, 683 | 8 | 67.0 12- | 53.2 !

3 | 57.5 9 | 72.5 | 13 [ 71.9 |!

| 73.8 ! 10 | 76.3 | | |4

| 5 | 76.5 ! | | | |

( | 'Unsucc-41 test |
f 6 64.0

Note: All readings are within specification of 50-75 Hv.

O~ -

' v
f
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Further=::::, en: m::rchard::ss in each area was :aken with the I kg ic:d. T:is lead
would be !:ss subj::: :o extrem:!y !ccaliacd aberrations such as grain beundari:s and
micrcpercs::y. Results are as fo!!cws:

,

Equiaxed: Hv 60.3

ciengated: Hv x.,4_.
.

The differ:ne between :hes: two numb:rs is deerned :o be insignificant.

In this s:udy, no definite reason for the areas of different grain stra :ures cculd be
ascer: in:d. The mest plausib!: explanation is that the smail manifestations of columnar
gratns i:pr:sent smar! parceis of mater:21 which froa: either en the bottom ci the mold or
on th: ::d: wails pr:ct :o :he ':: ginning of =cid rotm:ca. When :he =cid b::an rc: sting,. . .:-

the sm:!! p::ces ci frca n material (wita caiumnar strac:ur:. smce :t .,rc:: :: :entac: witn
the cold surface) was washed 2way and ended up in in final resung point approxirn ::!y 15a

f
mm from :he castin: OD. In order :c :est this theerv, a sec:icn was made Grough a rcugh

The grain 3:me:ure revea,.:d3 .
. . _ . ,

casting (unmachinec) at the bonom .::s snown m r:gure t.
can be seen to be 6: same columnar st=c=r: which was seen in the cu:stionable areas.* !

This i:ncs credibility to the proposed :heory.<

Conc!usion-

The dark patches a:pearing in the : ciograph cons:s: of rnetai with cciumnar gt: ins as. .

4 r. ::::umnar grams may ce sh. . tly lower 'n im content._ . .
.

gn.
.

oppose:: ::: ecui::xec grains.
Mc:anurg:ce! tests indicate that this me:21 has mechamcai prcpernes favorcoly comparacle
:o that of 6: surrcunding m::a!. 7dereiere th: app:arancedi th::: darx p:tches on the
radiographs is not c:es: to scrap the bear:ngs.

O "$" %. x.

W. J. Whitney

.
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17. ALT!.ME X-RAY RIVEAL3 3CNUS INTOP.MATION

James L. Wheelis.
Ma gnaiic.:: Cer; rstion

:
o

Presented August 15. 1989 at

the Air Transportation Association
Nondestruc t*/e Test:.nc F0 rum

b
\

.

Sone:21 a c x new i e d g e.?.e n t f.:r tachnt.:al supper: from:

Jat".e s Cona16 san
G+rtid H e:t:n
Michaai :] core
Itt: '3 P. : t u r. .:
Warti Rummui

d

Abstract:
.

A radiographic phenomenon, t e r:n o d " Ghost indications", whieti
appear to ha but are not necessarily rejectable defects, is

,

dwscribed. The ambiguous nature of these indications can result
in a sound s tructure being rejected, or unsound structure being
placed in cri:1:a1 service. ''

,

The =cchanism of the cccurrence and ' a r.sans to differentiate
between " Ghost" and true indicatiens is explained.

m. y

e
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His::ry: Page 1 -

yhe ';hos :" or x-ray diffract:.0.. phenonenon has pl a g'a ed the
radi:;rapnic inspec::.:n businass sinco crys:alline structures
were first radiegesphed.

General knovled;g of the a::is .anc a of this pheno.,enon ecupied
with extensiva decerac::ve varifi:4 tion, has allowed some very
expurienced radiograpnars to make ;udgment c a ll. s in noneritical
armas. An aic c e lle n t paper was presented in d.4teri=1 f;v s lua tion s ,
Dec., 1965. Runmel & Grs7ery ' Ghost Lack of rusion' in''

Alun:.num Alloy But: Tusion Rolds", diffarentia:ing "7 host"
i n d i c a t :. c n s from true defects in a specift: inspection
applicatten. ''

The increased use of e::0 tic ( e s p e c :. a ll y coppar be.tring aluminun
and high nickle) alloys i n e r n a s a s, tt: a n um b ,t r and saverity of
diff scted indications. Directi:nally solidifiad and single
cry:: t '. 2nructurn ar4 tearly im p e s c a. b l a to radio;raphi:sily

q inspec: without vary costly and time consursing t e e .'.n i q u e s ,
ys Todsy, due tc these limitat:.ons and tha 1xtrumisly criti:al nature

of : a air transportation industry. :1di:gr1phers are justifit.bly
reluctant to make judgeon: calls. A method which would assist
une radicgrapnar in confidantly dif f 2rentia ting "gh<2st" from
rajec:able indicaciens. could lower scrsp rates vnila assuring
:nat :ruly r.t:aetabla part: do ne: reach cri:. cal s t r'ti.: a .

Obuar.ed Phenomenon:

75.3 : :: .a r - - : 'r -! th4 R.: 21-1 :s ut r:f o ::s 1-7 . 3 ': r . : r Cin.:u: s : : ~. . : 3.: te ne r .u .: ~ \i : L'.n ri shar vt ' L .i a v: .61 :.

:::: #r.;n:4 <i:3 ".;h.s.: ' i, ': .1 1.::: t . Ind ia . : :...: 7 21.. t . . ; .3
1.::< :- r .'./ d :n.: i t y a p p ).s e - h r o m.t a n: '. the insi| ? . r 2n t.t i n : 'I n M.:'/
s p l o :cn.i s :: ansrply n iinei !ndi : .icn:: .

NCTC: :fhi 1.: indiestiene ar1 t ui t.1 evidant o n P..un '. t i c a r.e n i to r . '

fidelity ' negates repr-duc tion

This unusual phenonenon was nearly alt <ays accompanied by:

1. A mottlad background to the image.
9

2. A dull thud in the traditional tap o r " ring" test. i.e., an
audibla Acustic C.amission indientor.

\ 3. Pone ability to hold a sound weld repair. . *

/
.
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A window 'was cut f rcm a part displaying :his ches:in; and was -

replaced with a piace of new material so tha . a direct ec:parison -
could ta mnde.

Upon ::-inspection of :he windowed par , it was cbservad :nat
the new ma c2rul displayed neicher the r:octled backe:cu .d nor the
" chest' indications. .Further inve s tig s tion. _ reveslad tha:
the gnest i:: ages did not acve in coordination with par: notion.
When viewed dynamically, the indicat; ens moved oppos::a ec the
part motion: 1.a., if the part was scved f rom tha -' le f t to righc, -
the indicatt:ns would move frca che right Oc'laft: ' if the . parc -
was moved up, the indicarica =cved down. This " anti =scien" .ada
t c vicus :nat' the indica : ens were diffracted x-ray pat:, n,

rather :han defect indica:icas.
Tc fully under::and these observations, a study of the :::arial
and the mechanic:: c't x-ray diffracticn was undortaken.

s
Hacerial Study:

A secticn of tha part containing both original - and new natarial
,

was removed for analysis. The chemical- analysis showed littia
deviatien tren the Has talloy X*- analysis supplied by tha alicy-
vender. Cabo:. ! t. was noted that t h .: sulfur c e n t a .. : ' o f 1 t h e -'

surfaca analy n : vas a fac:cr of 10 t ime s hicher en :ha old
natarial than a:ther the vender analysis or the ne9 m:arial
analyTi3.

.u t ,r- fi a.;uu si.:n wi h Hor th:rm. p irrenn.n l s cr.o.:.n:.n: :-ini:n v.3.s
r 3.wn sd :h a: :h.: in:rca.21 in sulfur :encan :culi % :f'.::st~tt
t h.t sertagine process used r. c remove -hs hest rniani e ::t:ing

'

durinc c'JNerh. The .nnin compensnt of th2 stripping btch is
:ulf uri: -sci.l. m:ss::1ve r iten t an o f s t:rippi te soluci:., >r ;;cr'
neutra'i:ntion may account f sr inernasa.1 sul fur u anc sa:._

"

On closer observation the surface of the old material showsLan
extremely rough appearance. (Photo 1) The ~open - and saw-tooth-
appearance of the _ cracking also indicated a large grain presence.:
These observations were supported .with a 500x-- view of theisame
surface (Photo 21.. This vicW shows very 'large grains f and severa
etching at the grain boundaries. Some crains appear as if they'

~

could be-lifted from the surface. When compared to tha.new
material at 1000x (Photo 31, the evidence supporting the high -(

-

sulfur contene theory is conclusive. The extremely large : grains - -

also. indicate chat this part was not properly annealed.
..

e
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The c;en boun:iaria s would acccune for :he mottled image, the
dull * :7.ud ' in tha tap or ring test, as well as the inabliity r.:
hold a good weld repair. The ghosts in the image are a result Of
the x-ray baam oeing diffr::tsd from the ind1:ss of the large
grain struct.:re. In this case the appeartnes of any "ghos tir.g"
is an indies::en of; poor er no annealing and is causa for
rejection on i:s own. This information in itself is an
unaxpected bonus for tr.e r a al t i.me inspection. Yac, the s tudy of

the x-rsy diffraction ;henc enen also revesled mere universally
usesble internation.

X-Ray Ciffr::r.ica ;

The ?.unnel/Gr ;or7 ; aper was usad as basa point. to s:udy the
dif f r a;:*.ien nachanis:n.'

.

E::c a r;t :1 ?.-ray Ir.0 4:ac ti:n
Whun a baa.. of X-rays s:riko a

g

U' D
cryscal. Part of the beam is
tr a ns e:. t t ed . part of the baam s.

scattered. Cna of the mechanisms
for X-ray cattaring is by

dif f ra c tion from the same manner as
a grs:ine diffricco ordinary ligh .
Now, if a s e r :. a s of crystais
(crys tal11 t 2 pt:nasi are p r o p e r '. y
orien ted wia.h res pe c t to 41 X-ray
b4ss, a " he: sing" effact will 30
:bs.) " ed c r. ..i tv.!Scr:ph, in r9 i

1 l .r : h and (29e 7 '. n: r ! 6 '. . . . . ;
..a..'..': )r: of
, .. 4 .u. .r .. , ,..

.n. c> . .--
-

. ..
..

.. ..

.

Tahin: thia cla:3".: nil? :C r: 20 0 d::p lana ti 2 n and 97icti: i ! $ 9. a '/
^

and applyin.; it to t h .s ocsirvad phenomenon 1 aft ona.of t to |

conclusions. Either the original observacions wwre no t- i

di!!rsction related or a much more c o m pl e:c mechanism'is i
|

occurrinc.
Closa compari:en of Fic 1 and the recent observed conditions
revoaled several dif f erences. y

1

.

1 " Chose lack of Fusion: in Alu:ninu n Alloy B u tt' Fusion Welds
.

V Ward Ru:.mel and B.E. Gregory * Material Evaluaticas Dec 1965

/

.
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1. With film radiogr: pay, the source-to-ob act distance was
suffiriently long to essume nen: par 211a1 incident rays.
With Mic:cf =cus Aealtime X-rsy, the sourca-to-object
distancs 9as under 5 inches and the divarqance of the ::-esy
beam must be censidered

.

2. With film radicq spny :he object-to-film distancs is always
kept to a minimum. prsLsribly :ero.
With Raaltime .Microfocus, :ha image plane-co object distinca
was 15 inches er a 3:1 projection ratio. The travel
long:n of tne diff r:c: d ray 'nus t nov be censid:rtd.

3. Weld inspecet:n has : linitir ar:a of interest. n this casu |

~

'

tha dif::tetitn phen =enen c uld :nsider Only thos
indications appearing parallel to the weld.

iBurner .:an inst:ee ton :. s conesentd ut h any in d i.>: s t i o n
in any anis and the diCfracti:n pisnes art con lecaly random

8 with no pref er::ntial alignment.
%.)

Grappling with these differences, at langen Witn scratch pad'

and pencil, lend to the understanding that the mechanism
h.sd not enanged from th+ elsssi: pr es un*. s tion (ylg 1), but |

had -.u l tipli td i-- variables such t h.i t i. t v.s s firy dig'igul.. i

to c o n .: a i v e a grapnic r a c r o n a n c. a t i c a to dspic; such
variacles.

An A u : .; : vj F, t1;ni : .: C.:x'. :a: in; s : t e. : e. ;. r 3 :- td~ *

.

shcr. ": r k a f '.: . : r. :: c: :htt ' :. '. s .4 ! :, : .t y. ..

f rus c r.a;ing h:ur:: :f ! rte hani s'cs :h: . Only whin .i ll the.

variables v-rs '. s i t cu- 'ni :t a .. v:l s . :4 'e a u : t r '2.:. ,

unia rs anding cf P. n e ; s : r.e t : L : e s '. 3 t e . ! . n g : r , .t . ; - ,

conceived. An un.iers:anding cf this ;hernomunen 1. ads tc t:1.,
ability to tant cone:uls ively whrscher any indication in-any
material is caused by x-ray diffraction.

,
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netr*, el X-ray,.01ffrse.!en: g; 2

Ft;ure 2 is a grapnic r e pr a s en t a tion of observed realtime
gaometry. Edre, beam divernance and s ou r c a - c.o-c o j e c t- t:-::ag.i

plane rela t .:n3nios are takun :nec considaration.

To clearly undcra tand the antimotion phancmanon. We must c onsid:t r
an individual ray trace. From T '. e c t* * of X - e n *4 D_iffr: .ien in
Crretals ( 'd . H . Zacharinsen, pover Fuelishers, published 1967),
wa ace 6pt the gi'/en that the diffracted b e a r. vill eni; the

indices s: en equal and opposite angle to the e n tr an c e, of the
ine:t d on t or primary ray. Using tnis giv:n. we can now look at
ene even Migure J:, in t h.: A pos cien. then movin; only the
di f f r ic t:...; indic::: 00 the 3 posi :.on. The r2sultin; :: cost';a

snif- of the di!!r t e ta:1 team now supports thu * a n ti-mo t: c a'' in

the observed realtine :(-ray i.::aga .

Evan T. ora intarasting, is tha affac; of 74: yin 0 tha cbject-ta-

p inaq.a plane distance. If t h e r i c.io of sourcs to ocject vs ohjae:

V to imago plane is 1:0. aqual notion occurs. If the racic is
1:1. no motion is apparan: in tha diffrac:Ad indicati:n whan the
object is moved. At 1:0 ratio. equal but opposit4 mocion occurs.

s

Displaying this in three dinensions (Figure 4) thus cer:ounting
f .) : the c.:n e of divargent radiation and tha v.irtical and diagonal
e f f.:c e: can ba comp: enendad.

C.:n c i'::: i c n :

'|s it.; t h e 1 c : t r'. : d f < c t s .1.: .in::_ :in+1 her e in 5: .:: ::. . * :: :!
'

c 5 ti ti.:e ::- P r/ i:Nin ; equipment enn :o ns:l u a iv u ly 1: tac!!y

.i t : f s >: t.i c a n.>noc ene n. By varyi;; th e ';1s . -ion un : t e kncvn .
; ur: 1 - :o -c o N.:t - cc- t:cce piana q+:::: tri.;3 dif f:t o:t ed indi<:nci.sna
vill v.1ry in a prJdi::t3Dlc .ri A nn d t .

When usine an x-ray source of sufficiently small focal spot to I

allow some vari-ation in o b j te c t - t o - f i l m distance. a f il:2 ' I

radiograpn could be rosnot to c en t ir::: the ori7in of suspicious |
|indicacienc. 1
4
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CPSES 9117826
SU 910310
July 15, 1981

TO: J.B. George

SUBJECT: Radiography Requirement for Enterprise Bearings

REFEREICE: DR/QR RReport 02-340 8
;

Referenced report, prepared by a consultant to the owner's group,
suggests that TDI bearings will be acceptable provided they pass a
radiographic examination perf ormed by that consultant. This study
was initiated as part of the owner's group effort to qualify TDI
diesels and included such events as discovery of cracked connecting

,

roc 2 bearings at Shoreham in 1983, and reports from TDI Vea Engine |

O owners of cracked bearings. Portions of this report have not been
( endorsed by Enterprise as discussed below.

Bearing shell cracking has never been a problem in the in-line
engines such as used at Shoreham. It has always baan our !
contention that the cracking noted there was caused by usa of |

connecting rods with an extremely large bore end chamfer, which
allowed the bearing ends to be unsupported, combined with
significant engine overloading. The con-rod condition was corrected
immediately. No more cracking occurred. )

1

Vee engines in those days utilized connecting rods assembled with !
iwhat we now know was insufficient fastener preload, causing

excessive flexure, or micro-distortion of the big end of the rod. |
This condition caused the highly. publicized con-rod rack tooth |
fretting phenomena. Of greater importance however, was the effect -|

of this flexure on the rod bearing, especially _if that particular
bearing was brittic, i.e. of extremely low ductility. Most of the
failure analysis studies done at Enterprise on bearings which
cracked for no i=mediatley apparent reason reported bearing shall
elongation numbers either nil or less than it. Some had regions of
casting porosity on or near.the crack surface, but most did not.

Ov
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TDI supplied bearings made and plated in their factory from
Aluminum / Tin castings made at Alcoa in Cleveland. These castings
were statically cast in a permanent sold and, from time-to-tima
exhibited less than adequate =echanical preparties. Porosity was i

also sometimes a problem. and resulted in inability to I

satisfactorily electroplate the lining on the piece, easily ;
detectable in the plate shop. Note also that pores as small as |
.010"/.020" were easily visible.. In no case would pores of 050" l

allow plating to be acceptable. j

;

In the early 1980's the f astener preload on Vee Engine con-rods was i

significantly increased. Racx tooth fretting, while still.not ::ero
has been reduced from very significant to almost nil. In the mid
1980's, destructive testing of eacn heat of bearing castings was
begun to verify adequate mecnsnical properties.

Operating experience after these changes was most satisfactory,
bearing shells routinely lasting 20,000/25,000. hours (BY NO MEANS
38,000 HOURS). Shells are replaced -based on wear li.mits rathar <

than base metal condition, in conjunction with general overhaul
activities near this hour level. None of these ~ bearings ware
radiographed.

In 1988, Enterprise ceased manufacture of bearings, opting to
purchase these parts in finished form from Federal Mogul, - a -

.

worldwide supplier of all kinds of engine and compressor bearings,
including bearings for engines which could have been installed:in
nuclear _ generating stations. F-M is not aware of any radiograph

_

requirement for these parts.

F-M uses the contrifugal casting method to obtain consistantly high -
quality castings. This method affords the foundryman various--
options such as mold spinspeed, pour rate and cooling rata to
further enhance casting quality. F-M asserts this fine tuning is
nor=al and on going, | and may be the cause of radiograph ghost
imaging, as the report I gave you suggests. F-M furtharmore
applies a flash of plating to the back of the bearing, tha'laad/ tin
content aggravating X-Ray problems. but improving its-grip in the
housing. F-M bearings have been in use in Enterprisa Vea Enginas

) for thousands of hours. No repores of bearing quality problems
have been received. None of these bearings were radiographed.

P
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,

In sumenry, I submit that the onerous radiographic.suggestien of-
referenced report was of questionable value in the. beginning, and
certainly is of no value now. Not only have the con-rod problems
finally been solved with the use of adequate' f astanar preload.
applied by hydraulic tensioning tools, but also the bearings are
manufactured by avendor specializing in this work, utilizing a
completely different methodology than the TDI/Alcoa method _ ,

employed.

f'jj t [ /--

kVf.14 h r AN>

M. H. Lovrey
Cooper Industries

Distribution:

O M. L. Bagale
Ken Dixon ,

Bo Weir '
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Po em is rom soms
cwam < rannan

rebruary 27, 1992

,

Mr. P . Om Chopra J
Office of Nuclear Reactor Regulation-
Electrical Systems Branch (MS 7'E4)
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Cooper-Enterprise Clearinghouse GroupRe: -

Diesel Generators .

Position Paper on Radiograph Requirements
for Connecting Rod-Bearing Shells

,

File: MTS-4086

Dear Mr. Chopra:

Enclosed is additional information to clarify questions in regards- ,
"

to certain proposed process changes related to radiography of the
O connecting rod bearings. This information supplements our. previous

letter dated October 31, 1991.
.

review theThe Cooper-Enterprise Clearinghouse Group requests you '. technical
enclosed document and based upon the complete

justification provided, - evaluate and concur with' the Clearinghouse ,
'

radiographic requirements are not' necessary for Cooperthat current :
,

Enterprise EDGs.

Response to this issue by March 20, 1992 will' be greatly appreciated
and the individual utilit les members.. Should -by_the Clearinghouse

you have questions, please direct ~ them to Rick Deese at ~ (704) .875-
4065.

Very truly yours, 5

h {R. D. Broome
' . B. George ~

O. fw . ,

- ,

Chairperson
Project Manager Cooper-Enterprise Clearinghouse

'

Cooper-Enterprise Clearinghouse
Duke Engineering & Services, Inc. TU Electric

~ RDB/VMA/021492

.
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\ February 27, 1992 :

Mr. P . Om Chopra
f
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Enclosure |

E. B. Tomlinson (NRC)cc:
Clearinghouse Representatives
R. J. Deese
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FedersMogG Corpo(atch f
451-County One Road
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;
Mootswille, Indiana 46158 ,

!

Tel 31743t400-
Fu 317401 M25

.
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.

January 24, 1992

Julos Hudson
Cooper Energy Services
14490 Catalina St.
San Leandro, CA. 94677

.

Mr. Hudson: |

O 1992; there areIn response to your f ax dated January 10,ck-) many processing techniques to reduce or eliminate the
existence of gas entrapment within the bearing.

Here at the Mooresville f acility, we use the. centrifugalThis process inherently lends itself to the
casting process. drosses, and oxides due to theelimination of gas bubbles, acting on these |
outward radial force (approximately 30-60G)

Since the densities of the aforementionedparticles.
particles are considerably less than any element in the AA
852.0 alloy, they are forced to the inside diameter of tha -
casting were they are removed by subsequent machining.

.

.s.. . .-

To further insure the : removal of gasses, hexachloroethane-.

The tablets. decompose
tablets. are dispersed into the melt.in turn, ties up the hydrogento evolve chlorine gas which,
(the primary cause of entrained gas in aluminum) and removes |Past foundry testing using reducedit.from:the molt. '

pressure: tests confirm the expulsion of hydrogen gas via this-
-

method. ,
,

In addition to production techniques, the process is closely
monitored to verify the continued success of theseIndividual Process Set-Up Sheetstechniques.. These include:

[~N for every job, First Piece Inspection of casting, ,

and Verification !

(~-) Fluorescent Penetrant Testing of each heat, '

of Mechanical Properties of each heat.
.

6
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process Set-Uo Sheets: }

For' every job cast, . a Process set-Up Sheet (see' attached) is
generated and released to. the foundry prior- to production.
The Process set-Up Sheet contains all .of the vital process !

parameters needed to produce a particular casting. . In j-

*

addition, it provides documentation of any changes to an
existing parameter.

. t,
:

First Piece Trsoection of Castino:
Standard practice dictates that first piece inspection be-After cast, 1performed on' the first casting poured on a job. . 300-400 F. |the- casting is allowed. to cool to approximately ~ '

'

The . casting is then f ractured to reveal four. (4) distinct '
cross sections. These cross: sections are evaluated under tox: |

magnification and inspected for dross . inclusions, layering,This evaluation isgas voids, and excessive shrink cavities.
documented on the Process ' Set-up Sheet. ,

-!
.,

[Q Fluorescent penetrant Testino:
.- .

-

The Recuirement for f1tiorescent penetrant inspection (Zyglo) . _.

is. indicated of the Process Set-Up Sheet. The majority of .i
|large castings ( >10 '-- 11 in. dia. )- are tested in this manner.

A ~ sample casting is poured prior to . production and bored to
the blue print dimension. The bore. surf ace?is evaluated for
surf ace discontinuities which may or may . net have been

' apparent during analysis of the f ractured casting. ,

-
. .

,

: )

Mechanical ProcertiesE
a representative casting (termed " lab ' sample"-) is. .

At present, "

This ; casting provides forpoured for each individual heat.
both : chemical- and mechanical testing. . Test bars are cutifrom 1

-|the lab sample' and tested for tensile and elongation
This testing provides confirmation that no- .|

'

proper' ties. -|detrimental. defects exist within the ' test casting. ~

.

Under current evaluation is the potential' for using - .

!

separately cast test specimens (.505" standard; ASTM tensile: ..|'2

1Bars) to predict the : acceptability of production ' castings.-
h i fluence of- i.since the separately cast bars are not under t e n

O head pressures greater than:1 x gravity, they will be- ?

:Thereforer 1affected by discontinuities to a greater degree. j
acceptabl6 resulta obtained. via: separately cast specimens -
would uinsure. a degree of confidence in the. centrifuga11y cast - j-

.

product;
||

'

-

1
..

'
, ._ -,_ --



_. ._ _ ~ _ _ - . . . . .

*

h JR4-24 '9213:09 ID:r & R t1acu. t$,7 TE. NO 317-83t'El35 m395 Paz -

. .| ( I.- i

.. , ;

*
. -

.

(~. .

I -

-Q '

.

)

I hope that this information assists you in you'r _

,

communication with the NRC. If you need any additional
information, please feel free to contact me. ,

Sincerely,
_ ,

. _- -

.
.

Brett L. Bridgham
"

Plant Metallurgist

.

Copy: D. Jackson
R.-Moore
D. Pazuk .e

Mooresville Lab File

.
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Dio (Conv) : PEL-6 Die (CNC) :
*uctomorr CES Cast Wt(1) : 180# Cast Wt(2):
Jart'No.: R-3313

..
-

(T 111oy : 8850 specification: CE5 04998
(,/ 2ertification : Chemistry 'Y ~ 7Io (y/n) Y

| Mechanical: Y, tater 8

--
-- _

tasssssar******* INITIAL SETUP ****************
.

Spray Tower "A"
fetal Tomp 1350 Nozzle Type (a): 50/10
lie Temp : 300

Locations (a): 1,3,5
(PH : 400
flux : 2#11 Spray Tower "B":*ast Start 2 SEC Nozzle Type (b): 50/10'

Locations (b): 2,4,6
* ant I.D. : 10"
!ast Weight: 180# Water Delay 15 SEC
C.D. Stock 1.329

Cool Time : 4 MIN
3. D . Stock : .589 Water Temp :JAL. Stock : 4.201,===..===..==..=....e....==...==..==...,-==.=...-=... I

**** Estarts**zzz*st PRODUCTION HISTORY ****stransassassazz

._.===....=m...==..m===....===...===___...==..-...__q
CAST OTY. 7/14

JOB NO. :
PCS/HR :

3.E. NO. : 91-3033
JATE :

A Spray Tower "A"
(j ietal Temp Nozzle Type' 31m Temp

Locations
RPM Spray Tower "B"
TIux Nozzle Type
7ast Start Locations

Cast I.D. Water Delay
Cast Weight - - _

Cool Time
Wator Temp

: Change : Remmon : Result ,
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-:--
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'tr. J. B. George, Chairperson -

d *M *8Cooper Enterprise Clearinghouse
'

C/0 Duke Engineering g
- / 3230 South Trion Street -

"Charlotte, NC 28201-1004 9gg

Dear Mr. George: [
Reference: Letter from R. D. Broome to 0. Chopra, dated October 31, 1991

la the d'oove :efeieviced letter you requasted relis? frcr. tr.a :urrer.t
radiographic examination requirement used to detect voids and impurities
previously found in cast aluminum connecting rod bearing shells used in your
TDI diesel engine. This requirement was originally proposed by the TDI Owners
Group and accepted by the NRC staff for purposes of inspection of TDI diesel
engine connecting rod bearing shells manufactured by ALC0A. This requirement
was detailed in Appendix II of the Design Review / Quality Revalidation Report
for TDI diesel engines.

We have reviewed the technical justification to delete the radiography-
requirement in your position paper attached to the'above referenced letter.q

.I We note that the replacement bearings originally supplied by ALC0A are
presently manufactured by Federal- Mogul Corporation. Federal Mogul
fabricates its bearings by centrifugal casting, an alternative to Alcoa's
static casting process. Unlike static casting, centrifugal casting
significantly reduces the potential for void formation. Furthermore, the
manufacturer has demonstrated that, through choice of manufacturing processes
and quality assurance measures, the cast aluminum engine bearings will have an
acceptable level of quality and safety. These alternative approaches and

.

inspections should be as effective as the. previous requirement of radiographic -'

inspection of static cast bearings to detect voids and the presence of
impurities. On this basis, the requested relief from requirements to inspect.

diesel generator cor.necting rod bearina shells by radiographic techniques for
.

DSR-8, DSRV-16, and DSRV-20 engines is granted. A copy of our safety
evaluation is enclosed. 1

Sincerely,

? 1

q| %- '

,
.

.
Jami!s I. Richardson, Director
Division of Engineering |

Office of Nuclear Reactor Regulation

O Enclosure:
As stated

. _ - _
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{ WA8HINGTON. o. c. 20008

k / ENCLOSURE

SAFETY EVALUATION.

POSITION PAPER'FOR NOT PERFORMING

RADIOGRAPHIC EXAMINATION OF REPLACEMENT DIESEL GENIRATOR

CONNECTING ROD BEARING SHELLS FOR ENTERPRISE

DSR-8. DSRV-16 AND DSRV-20 DIESEL ENGINES

1.0 INTRODUCTION

By letter dated October 31, 1991, Cooper Enterprise Owners Group requested

relief from the current radiographic examination of connecting rod bearing
shells for Enterprise DSR-8, OSRV-16, and DSRV-20 engines (originally TDI
diesel engines). This requirement was originally proposed by the TDI Owners

Group and imposed by the staff for replacement connecting rod bearing shells

p'O manufactured by ALC0A as detailed in Appendix II of the Design Review / Quality
Revalidation Report for TDI diesel engines. Our evaluation of the technical
justification provided by the Cooper Enterprise clearing House Group is as
follows.

2. EVALVATION

The subject position paper proposes to eliminate the need for radiographic

'
examination of the currently supplied centrifugally-cast aluminum bearing
shells from Federal Mogul. When the radiographic requirements were

established, the aluminum bearing shells were made from aluminum casting
supplied by ALC0A that were manufactured by a pemanent mold static casting
process. Past failures of the bearing shells were attributed to 1) inadequate
clamping force in the connecting rod assembly due to inadequate pre-load of
the connecting rod bolts, 2) inadequate support at a bearing end because of a
1/4 inch chamfer, and 3) potential voids and/or impurities induced into the

bearing shell during the casting process. The problems were corrected by 1)
n increasing connecting rod bolt pre-load, 2) reducing the size of the chamfer

iU to 1/16', and 3) inspection by radiography of the bearing shells to detect
voids or impurities,

d
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The position paper and its supporting documentation addresses the problem of
the unnecessary rejection of bearings for radiographic indications. The
indications are fuzzy dark areas on the film; these can indicate porosity or-

inclusions, causes for rejection. Tes<ts, however, showed that the dark spots

may correspond to areas of columnar grains and minor differences in cheinical
Evidence shows the spots are likely caused by diffraction of thecomposition.

X-ray by this grain structure.

Although the paper showed that these indications can lead to rejecting sound I

castings, it did not describe how to differentiate columnar grain structures
from rejectable defects or other ways to assure the quality of the bearings, i

Federal Mogul provided this information in a letter dated January 24, 1992.
This information demonstrated that there were production procedures and

quality control tests which provide adequate assurance that these castings
will be produced without defects of significance. The combination of
centrifugal casting versus static casting, the removal of hydrogen by chemical
means, destructive first piece inspection, fluorescent penetrant testing of a

O machined part prior to production, and the static casting of mechanical test
specimens for centrifugal cast products provide an acceptable level of quality |

which should assure that voids and impurities will be detected in test
'

specimens prior to their being generated into a finished production part.

Based on a review of the information provided by the Cooper-Enterprise Owners j

Group as discussed above, the staff concludes that the manufacturer has demon-
stated that through choice of manufacturing processes and quality assurance i

measures, the centrifugally-cast aluminum-diesel engine bearings will provide
~ an acceptable level of quality and safety. These alternative approaches and 1

inspections should be as effective as the previously required radiographic
inspection of static cast bearings to detect voids and impurities. Therefore,
the requested relief from the current rad'iographic examination of
centrifugally-cast aluminum bearing shell manufactured by Federal-Mcgul for
Enterprise OSR-8, DSRV-16, and DSRV-20 di sel engines is granted. !

I

1
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s' 230 South Tryon Stre (704) 382-9000 Bus

- %/ g gg p,
Chanone, NC 28201 t004

December 7,1993

Cooper-Enterprise Clearinghouse Representatives

Subject: TDI Owners Group
Information Bulletin DCH9365
MTS-2242

Gentlemen:

Enclosed is the referenced TDI Owners Group Information Bulletin. No response is required.
/'] If you have any questions, please direct them to me at (704) 382-2763.
\_/

Sincerely,

na kwv
R CmDay, Project Engineeru
Advanced Nuclear Programs

RCD /rfm i

Enclosure

xc: Project File
Central Records

!
r
|
\_

l

.;.-. . . - ~ . . . .
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COOPER-ENTERPRISE CLEARINGHOUSE
A
G MAILING DISTRIBUTION LIST

TU ELECTRIC
_

Mr. Joe George X

Mr. Manu Patel X

Mr. Gary Yezefski !X l

GULF STATES UTILITIES
Mr. Brian Fichtenkort T
Mr. T. E. Schelbel
Mr. K.R. Klamert

C_LEVELAND ELECTRIC
Mr. Bob Boyles IX|

SOUTHEBN NUCLEAB
Mr. Ken Burr X

Mr. Ken Stokes

TENNESSEE VALLEY AUTHORITY
Mr. Tim Chan X
Mr. Richard E. Gipson

6
PUKE POWER COMPANY

Mr. Ray Kayler
Mr. Whit Gallman* X

Mr. Thomas E. Cook * X

ENTERGY OPERATIONS
Mr. D. Pace
Mr. C. Hutchinson
Mr. James Owens X

CAROLINA POWER & LIGHT
Mr. R. Van Metre
Mr. James Nevill -

Mr. Girard Lew
Mr. Bill Shenton X

COOPER-ENTERPRISE
Mr. Bruce Guntrum
Mr. Allen Gillette

DUKE ENGINEERING & SERVICES
Mr. Skip Hendrix*

[]
X

Mr. Rick Deese' X
\s Mr. Dick Day * X

CEMASTER. ppt * Duke interoffice Mail Dec. 7,1993

s

, . . . .. . . . . . _ . . - _ . . - _
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DCHF2. REV. I

NO. DCH9365

DATE J2-7-93

O DUKE ENGINEERING & SERVICES, INC.
DELA VAL DIESEL GENERA TOR CLEARINGIlOUSE

INFORA1A TION BULLETIN

INFORMATION ONLY a RESPONSE REQUESTED u
(if checked see below)

SUIUECT: Meeting with NRC to discuss TDI Emergency Diesel Generator Licensing Submittal i

- Supplement #2 December 14, 1993 |
.

. i

|

Enclosed is a copy of Mr. George's and Mr. Hendrix's letter to Mr. James A Norberg, NRC, dated
'

-

December 7,1993.'

Enclosed is a copy of the agenda for the meeting with the NRC.-

The meeting will be held on December 14,1993, at 1:00 pm in the NRC offices in White Flint,
MD. Please confirm your attendance, by fax 704-382-8770 or phone 704-382-4390 to Robbie
Mcdonald, no later than Friday, December 10.

Enclosure 3 pages-

.-

' Submit Response to: R.C. (Dick) Day
Duke Engineering & Services, Inc.
230 South Tryon Street

'
P.O. Ilox 1004
Charlotte, NC 28201-1004
Telecopy No. (704)382 8770

IF YOU IIAVE ANY QUESTIONS, PLEASE CONTACT R.C. DAY AT (704)382-2763.

!

O
DCHMASTE.wp

. - . . _ _ :r'.n __ _ ___ ___._ ~___- _ : :r ::~ , .,- . -

- - - . - . . :- .-.:,=~ - - -
, ._ - - ,.
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- DukeEngineenng&Semces

230 sovin Tryon stre, go4) w9eco em -
Po. Box 1004 904) 3824389 Fax

Chanoce. NC 28201 1004

December 7, 1993

Mr. James A. Norberg, Chief
Mechanical Engineering Branch
Nuclear Regulatory Commission
Washington, DC 20555

Subject: Cooper-Enterprise (TDI) Owners Group
Generic Licensing Submittal No. 2 for Emergency Diesel

Generators Conditions of License for
'

Utilities with Enterprise Engines

File: MTS-4086

Dear Mr. Norberg:

Please find attached the Cooper-Enterprise (TDI) Owner's
Group's Supplement 2 to their December 8, 1992 submittal-

O\ addressing diesel maintenance requirements contained in each
owners license. In accordance'with our September 30, 1993
latter Supplement 2 contains the following documents:

1) Discussion of inspection results and conclusions for the-
thirteen components addressed in the September 30, 1993
letter. (Attachment 1)

2) Sample data table (annotated). (Attachment 2)

3) Data table containing summary of inspection results for
thirteen components. (Attachment 3)

4) . Summary of Owner's Technical Specification requirements for
Cooper-Enterprise Diesel maintenance. ( Attachment 4)

.The Cooper-Enterprise Owner's believe that'the above:
information. fully supports'the issuance of a safety Evaluation
Report (SER) which removes all maintenance requirements from

_ .In order to. support. plant outage schedules, itplant licenses,
is requested that the SER be11ssued.by January 31, 1994.
Further the Owner's'would like to schedule a' meeting with.the
appropriate'NRC staff personnel on December 14, 1993. This
meeting wouldLanswer any questions concerning Supplement 2,-

address plant specific. requirements and facilitate thel
q development of the SER.

x
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|
Mr. James A. Norberg,g

/ i Page 2V

If there are any questions or comments please contact Mr. J. B.
George (817) 897-8113 or Mr. R. C. Day (704) 382-2763.

Sincerely

.

,/vs
,

J. B. George, Chairperson C. W. Hendrix, Jr.,
Project Manager

Cooper Enterprise (TDI) Owners Group Duke Engineering
& Services, Inc.

Attachments

xc: Carl Berlinger, NRC w/o attach
Jai Rajan NRC w/o attach
R. C. Day w/ attach .

R. J. Deese MCG w/ attach
, Project File w/ attach
'

Central Records w/o attach

,

J

't
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COOPER-ENTERPRISE OWNERS GROUP-,,

V' ,i (TDI OWNERS GROUP)

DECEMBER 14, 1993

TIME: 1:00PM

MEETING WITH NRC

WHITE PLINT, MD

"TDI EMERGENCY DIESEL GENERATOR"

LICENSING SUBMITTAL

SUPPLEMENT f 2

AGENDA

1. INTRODUCTIONS NRC & ATTENDEES J. RAJAN/J. GEORGE
2. OVERVIEW - LICENSE SUBMITTAL - J. GEORGE

SUPPLEMENT #2

3. DISCUSSION / COMMENTS -SUPPLEMENT #2 DATA -

(O_) A. TDI OWNERS INSPECTION R. DEESE/C. HENDRIX
RESULTS ATTENDEES

B. SAMPLE DATA TABLE R. DEESE/C. HENDRIX
ATTENDEES

C. TECH SPEC SUMMARY FOR TDI EDG'S R. DEESE/C. HENDRIX
ATTENDEES

4. OWNERS SCHEDULE FOR SER ISSUANCE J. GEORGE / OWNERS

5. NRC SCHEDULE FOR SER ISSUANCE J. RAJAN/J. NORBERG
6. COMMENTS / CONCLUSION J. GEORGE /J. RAJAN

,

k.
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TDI OWNERS' GROUP

. LICENSING SUBMITTAL-.TO
:

I

ADDRESS TEN-YEAR OVERHAUL )
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la INTROD'UCTION
..

m
b The purpose of this submittal is to address the overhaul frequency of the Enterprise engines

currently in service at the following nuclear stations:

UTILITY STATION

Texas Utilities Comanche Peak

Entergy Operations, Inc. Grand Gulf

Duke Power, Inc Catawba'

Carolina Power and Light, Inc. Shearon Harris

Georgia Power / Southern Nuclear Operating,Inc Vogtle

Cleveland Electric illuminating Col Perry
Centerior Energy

Gulf States Utilities River Bend

Tennessee Valley Authority Bellefonte

This sample represents a total of 20 engines in nuclear related service. Note that the two
engines at Bellefonte have limited operating history and are not included in the inspection
data. Several of the engines have accumulated between 2000 - 3000 hours of operation
which is significant for this application. The sample therefore contains sufficient
operating history and experience on which to base determinations regarding the frequency
of overhauls.

The definitions of the terms " teardown" and " overhaul" as used in this proposal are
provided below.

An explanation of these terms and philosophy requires understanding basis of the Owner's
request to climinate "teardowns" and " overhauls" as a licensing requirement. In most
documents the terms " teardown" and " overhaul" are interchangeable. In the context of
this submittal the term " teardown" defines an intrusive engine disassembly and inspection
aimed at determining the engine's condition. The primary purpose of a " teardown" not to
replace parts since most parts being inspected show little or no wear. The purpose of the
teardown is to document the condition of the part. However, as a matter of good
maintenance practice, parts are generally replaced regardless of condition after a
" teardown" inspection. These "teardowns" can result in reassembly errors, entry of foreign
materials or increased wear resulting in a decrease in engine reliability. The term

1 ,

;
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" overhaul" is defined'as an engine disassembly aimed primarily at replacement of worn
. parts.

As noted later in this document, most "teardowns" have shown little or no wear on
internal components due to the limited number of operating hours on engines in nuclear
service. Based on this the Owners expect that true " overhauls" should not'be needed
over the life _of the plant. It is possible that problems could occur with specific power
cylinders which could require inspection or overhaul of a particular cylinder. This action.
will be determined on a case by case basis and will be performed such that engine
reliability and availability are maximized.

It should be noted that this submittal is am requesting elimination of the overhaul. It is-
believed that an overhaul will be necessary during the life of these engines as they are
currently operated. However, due to the limited number of run hours and the availability
of periods to perform major teardowns (shutdown risk management has decreased the
window of opportunity for diesel inspection during normal refueling outages unless
alternate sources of power are established and approved by the NRC) it is obvious that <

utilities need the flexibility to determine when an overhaul is required and the overhaul
methodology. '

The following sections provide an analysis of the need for engine overhaul as required by ,

the DR/QR. This analysis and conclusions are based on an understanding of the historical
concerns for each component affected by the overhaul and the results of extensive
inspections performed by the utilities listed above. This information presented includes,
component description, component identification number per the DRQR Appendix II, PM
Task Description , the manufacturer's replacement / overhaul recommendations, the number
of engine run hours between inspections or cumulative engine hours, number of engine
starts, inspection findings, and the percentage of all components in service covered by the
inspections. Engine inspection data is presented in tabular form in Table 1. Figure l'
provides a sample data table and a def'mition of each table heading.

It should be noted that the data is a conservative rollup of actual work requests,
inspections, and results supplied by each utility. Average and totals taken from this data
and used in the report are conservatively rounded to simplify the numbers.

In reviewing the vendor estimate of component life expectancy or overhaul frequency for
engines in commercial use several points should be considered:

1) The primary difference between nuclear and commercial service are the fast
starts and small number of operating hours on nuclear service engines.

2) The commercial engine life for most components is between a facto'r of ten '

,

and one hundred tirnes longer than a nuclear service engine will log in a
40 year life of service.

2
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3) Recent actions of the NRC will allow utilities to slow start the engines - 90
percent of the time making nuclear standby service much more like(q) commercial service.

2d BACKGROUND

The performance of overhauls on a strictly time dependent basis to track component wear
is costly and unnecessary in light of the many non-intrusive engine monitoring techniques
available for determining the health of the engine. In fact, industry data and Owner's
Group inspection results show that these intrusive inspections show little component
degradation and can actually be detrimental to engine reliability and availability. Finally,
these overhauls significantly increase engine unavailability during the refueling outage
with attendant increases in shutdown risk. Additional detail on each of these issues is
provided below.

The performance of a major engine overhaul has been shown to actually decrease engine
reliability and availability for a significant period of time following the overhaul. Studies
performed for the NRC (Reference: NUREG/CR-5078, PNL-6287, NUREG/CR;4590,
NUREG/CR-5057) indicate that for approximately 2 years following a major engine
overhaul, EDGs, regardless of their manufacturer, exhibit increased unreliability. There
are a number of reasons for this increase. First, during disassembly there is a high
potential to introduce dirt and other foreign materials that may damage the engine.
Second, disturbing a precision fit system that " wears in" to seat mating surfaces (e.g. 1

rings and liners, crankshaft and bearings, connecting rods and bearings) can result in-s

alteration of wear patterns that may increase wear or actually cause wear to start and
decrease the life of the component. The period following overhaul is a " shakedown"
period that is required to produce a reliable engine. Utilities have and will continue to
minimize this impact by performing " break in" runs per the manufacturer
recommendations; however, the " shake down" period extends well beyond the break in
run time. The Owners Group agrees with the findings of the above studies.

The results of the 5 year " mini" teardowns have shown no component failures or
degradation that resulted in a loss of component function. In addition, these overhauls
have shown that operational component wear since installation has been minimal. All
plants listed have completed the 5 year " mini" teardown for their engines with the
exception of Comanche Peak and Bellefonte.

To perform a complete overhaul for a typical engine takes approximately six weeks during
an outage. This increases diesel unavailability significantly. Since diesel unavailability is
a major contributor to shut down risk this results in an overall decrease in plant shutdown
safety margin.

( 3
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. Extending the period between overhauls offers a number of safety and economic
p advantages. First, it reduces the cost incurred for parts and labor to' replace or refurbish

h components that have minimal wear ( parts replaced under the current maintenance
program are in "like new" condition due to limited engine operating hours). Second, it
increases the reliability of the engine by eliminating the break-in period after overhaul.
Finally, engine availability during outages is increased. In order to obtain these benefits
the Owner's Group requests that an overhaul frequency not be specified and the utilities be ,

allowed to ' determine when an overhaul is required based on engine surveillance and 3

operating parameter trending.

Maintenance has and will continue to be performed as required by the Owners. The
owner's maintenance requirements are addressed in each plant's Technical Specifications.
Current Technical Specification requirements are summarized in Table 2. A revision to
the maintenance program is underway. This revision is being developed in conjunction
with the vendor and will provide additional guidance to member utilities on when
inspection and other maintenance is really required for the engines.

LQ COMPONENTS TO IIE REVIEWED

This submittal will address the specific components listed below:

turbochargers base assembly

main bearing / caps / studs crankshaft

cylinder block cylinder liners

connecting rods / bearing bushings pistons / rings

cylinder heads fuel injection tubing

push rods rocker arm capscrews/ drive studs

lower cylinder liner seals

These components form the principle " power cylinder" structure for the engine and are the
typical components that are inspected and/or replaced during an engine overhaul. These
items also require the longest time period to disassemble and are the most costly to
replace. While other components would certainly be inspected if an engine were to
undergo a teardown, intrusive disassembly of a ~ power cylinder (removal of head, piston,
bearings, connecting rods, etc) is a major concern since the affected components form the
power train. Any problems on these components resulting from the intrusive inspections
would certainly limit or preclude acceptable power output of the engine. Disassembly of
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these components offers the opportunity to introduce dirt and other foreign materials that:
, p may harm the engine. . In addition, these components are assembled with the precision fit ' i

( mating surfaces. Disturbance of these fits can cause different wear patterns to develop
resulting in accelerated wear and shortened component life.

These components formed the basis of the original Phase I DR/QR component review for
the above reasons. In addition, inspections of these components have been the focus of
subsequent teardowns and provided the detailed data presented in this report. Lower liner

- seals were added to the list due to concerns raised during review of a prior submittal.

The Owners Group believes that addressing these components will provide a sufficient
basis for permitting the overhaul frequency to be left to the discretion of the utilities.

4.0 COMPONENTS

4d MIM2.2122 hidasJhatum

DACKGROUND

Overall turbocharger experience for the Enterprise engines has been very good. While
'ome problems have occurred. (e.g. missing stationary vanes) there have been no.

turbocharger failures reported which impacted engine performance. Problems associated
/9 with turbochargers and the resolutions are presented below.
O

Lubrication and 13 earing Wear-- To address bearing wear issues the Owners have
implemented modifications to install drip and full flow pre-lubrication systems. - These

*

systems provide an oil film to the turbo bearings during standby conditions and are used
to prelube the turbochargers prior to a planned start. In addition, the Owner's oil sampling
program provides a means of detecting metallic particles that would be an early indication
of bearing wear. Finally, inspection results show (Table 1, Component MP-022/023) that
significant bearing wear has not affected turbocharger performance.

'

,
.

Stationary Vanes Issues -- Four engines have found missing stationary vanes at the
turbocharger inlet . Upon subsequent inspection, minor pitting was found on the rotating
vane group but no turbocharger failure nor degraded performance has resulted.

' OVERHAUL '
t

An overhaul of the turbocharger would typically address the following items:
:

1) Measure vibration and check with baseline data.<

s

2) Inspect impeller / diffuser and clean if necessary.
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3) Measure rotor end play _(axial clearance) to identify trends of increasing clearance.
g-

d- 4) Perform visual and blue check inspections of the thrust bearing.

5) Disassemble, inspect, and refurbish.
. c

~ 6) The nozzle ring components and inlet guide vanes should be visually inspected for
missing parts or parts showing distress.

7) Monitor inlet temperature to ensure gas temperature does
not exceed manufacturer's recommendation of 1200 F if .

4

exhaust temperature for any cylinder exceeds 1050 F.
~

DATA

Note that there are a total of 38 turbochargers in service from a total of 20 engines.

Item.1

Not applicable.

Ite m 2

There have been 55 inspections performed. The average run time is 600 hours and the,

\ average number of starts is 200. No adverse findings were noted from the inspections.

Ite m 3

There have been 108 inspections performed. The average run time is 600 hours and the
average number of starts is 200. No adverse findings were noted from the inspections.

Ite m 4

There have been 61 inspections performed. The average run time is 600 hours and the
average number of starts is 300. No adverse findings were noted from the inspections.

Item 5

There have been 58 inspections performed. The average run time is 600 hours and the
average number of starts is 300. No adverse findings.were noted from the inspections.

|
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Item 6
.

There have been 70 inspections performed. The average run ' time is 600 hours and the
average number of starts is 200. Four engines have reported finding missing vanes but
did not produce a degradation of engine performance. No adverse findin'gs were noted
from the inspections.

Item 7

Not applicable.

CONCLUSIONS
,

No adverse findings have been noted during turbocharger inspections. In addition, no
- engine failures due to turbocharger performance have been recorded. A review of
inspection data results indicates that periodic overhaul of the turbocharger is required. The

'

inspection 38 turbochargers provides a well documented basis for determining the
appropriate overhaul frequency. These inspection results coupled with an understanding _of
the impact of_ bearing wear on engine performance, installation of pre-lube systems to
limit wear and the availability of effective monitoring techniques will allow the Owners to
determine when turbocharger overhaul is required in general the data would indicate an
overhaul frequency of once every five years. Similar data for non-nuclear engines show a

. . __ need to overhaul turbochargers every 8000 to 10000 hours.

OV
4J 02 305A Ilate Assembly

BACKGROUND

The original Owners Group review in the DR/QR report found adequate factors of safety
in the design of this component. Problems with this component were on non nuclear
service engines and were a result of inadequate bolt preload and in one case, marginal
strength due to an inferior quality casting, Subsequent testing and/or inspections have
been made by the Owners to confirm quality castings and the absence of cracking. In
addition, steps have been taken to ensure adequate bolt preload.

OVERHAUL

An overhaul for the base assembly would address the following item:

Perform a visual inspection of the base.-

DATA

7
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Note that there are a total of 20 engine bases in service on a total of 20 engines.

{v _ There have been 52 inspections performed. The total (average) hours logged is 900 and
the average number of starts is .400. No adverse findings were noted from the inspections.
This represents 90% of the total population of bases inspected.

CONCLUSIONS

Approximately 90 % of the nuclear service engine bases have been inspected These
inspections were conducted with significant operating hours and starts and are
representative of all operating nuclear service engines. No adverse findings have been
reported. These inspection results coupled with previous Owners Group work show that
the base has an infinite life. Specifically, PNL-5600,4.12.3.2.1 notes the FAA work, "All
components of the base assembly have sufficient strength to operate indefinitely at full
load, provided that the base casting and bolting components meet their nominal material
and dimensional specifications, that the components have not been damaged, and the bolt
torque specifications are maintained." As noted above, sufficient positive inspections / tests
hoe been completed to show that the casting and bolt specifications are adequate. On
this t. asis eliminating time based inspection of this component is appropriate. This
compenent should be expected to perform satisfactorily for the 40 year station life without
overhaul. Similar experience with non nuclear engines shows an infinite life expectancy.

4J 02 305C Main Iletuipe caps / Studs

BACKGROUND
.

Few problems have ever been found regarding bearing caps and studs. Previous Owners I

Group work has shown that the caps have a factor of safety against fatigue failure of 2.42
and the main saddles have a factor of safety against fatigue failure of 1.75 (PNL-5600,
Section 4.12.3) One problem that was found at Shoreham was in cracking in the main
bearing cap stud holes. This problem was caused by the stud removal method. (PNL- |
5600, Section 4.12.3.2.1.)

OVERHAUL

An overhaul of the main bearing caps, studs and nuts would address the following item: ~)
l
I

The mating surfaces at the bearing cap / saddle interface should be inspected when :|
-

disassembled to ensure the absence of surface imperfections that might prevent
tight boltup.

,
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DATA

_
Note that there are 200 main bearing caps in service on a total of 20 engines.

There have been 108 inspections of caps, studs, and nuts performed, ne total (average)
hours logged is 1000 and the average number of starts is 490. No adverse. findings were
noted from the inspections. This represents 50% of the total population of bearing caps,
studs and nuts inspected.

.

CONCLUSIONS

50% of the population of these components currently in service have been inspected. This
sample is representative of all nuclear engines at operating facilities. All inspections were 'I
conducted with at least 600 hours of operation. A number of inspections have been
performed on engines with more than 2000 hours of operation. No adverse findings
have been noted during these inspections. Based on the high safety factors and
significant, positive inspection experience, it is concluded that these components should
not require overhaul for the 40 year life of the station. Manufacturers information
indicates tLM this component has an infinite life expectancy for non nuclear engines .

~

ad 0L1111 Crankshaft ;

1p 4.4.1 DSR 48 Series Engmes
%)

BACKGROUND _
'

..

The only utility with this series engine is the River Bend station. The EDG engines at
River Bend have crankshafts with the same dirnensions as the replacement shafts at
Shoreham. Ilowever, the generators and flywheels differ between the two installations. .i
resulting in differences in crankshaft torsional stresses. Also the crankshaft fillets at. 1
Shoreham are shotpeened while those at River Bend are not. A complete analysis of the

'

Shoreham replacement crankshaft has shown it to have an infinite life under nuclear
service operating conditions. Comparison of the crankshaft torsional stresses in the .I
Shoreham engines at an operational load of 3300 kw to the torsional stresses in the River

|
Bend engines at an operational load of 3130 kw shows that the torsional stresses are
equivalent at these respective loads. Therefore, the River. Bend engines have been derated j

' for nuclear service. The analysis demonstrates infinite fatigue life for the River Bend '|
crankshafts at loads under 3130 kw (Reference PNL-5600,4.6.7.2) -j

OVERHAUL

y
An overhaul of the crankshaft would address the following items:

|
|

O |
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1) Measure and record crankshaft web deflections. (hot and cold)

. (Og 2) Exarnine the fillets and oil holes in two of the three crankpin journals (5.6,7) using
hquid penetrant.

3) Examine the fillets and oil holes of the two main bearing journals between
crankpin journals Nos. 5,6 and 7 using liquid penetrant.

4) Measure the diameter of crankpin journals.

DATA

There are two crankshafts of this type in two engines.

Ite m i

Not applicable.

Item 2

There have been 9 inspections performed. The average run time is 820 hours 2nd the
average number of starts is 270. No adverse findings were noted from the inspectiors.

Item 3

There have been 7 inspections performed. The average run time is 760 hours and the
average number of starts is 270. No adverse findings were noted from the inspections.

Ite m 4

-

There have been 4 inspections performed. The average run time is 760 hours and the
average number of starts is 275. No adverse findings were noted from the inspections.

,

'Ris represents 25% of the total population of crankpin journals inspected.- '

CONCLUSIONS

P ;ignificant numMr of fillets, oil holes and journals have been inspected on the DSR
engines. The inspections were conducted with over 700 hours and 270 starts with no
adverse findings. The River Bend engines have been derated and are operated at less than
3130 kw at all times. Based on the anaq 24 (Reference PNL-5600,4.6.7.2), engine
operational power limits and the inspection results, overhaul of the River Bend crankshafts
should not be required over the life of the station. Manufacturer's information on non
nuclear engines indicate an infinite life expectancy for the crankshaft.

10
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4.4.2 DSRV-16 Series Engines 'i

BACKGROUND

The DSRV-16 crankshafts at each site have been independently evaluated to determine the e

impact of torsional stresses on the life of the component. No problems have ever been
identified on this component. The Owners Group and PNL analysis (PNL-5600, Sectiori ;

4.7) show an infinite fatigue life for these components. Thirteen of the eighteen engines ;

in nuclear service have operating hours which exceed the calculated fatigue limit for the
crankshaft. i

~ OVERHAUL

.

An overhaul of the crankshaft would address the following items:
.;

l) Measure and record crankshaft web deflections. (hot and cold)

2) Examine the fillets and oil holes of three main bearing journals (4,6,8) using liquid
penetrant. ..

3) Examine the fillets and oil holes in three of the crankpin journals (choose 3 from- q

Nos. 3 through 8 inclusive) using liquid penetrant. -!
!

^

4) Measure the diameter of crankpin journals.

DATA

There are eighteen of these components in service in eighteen engines.

Item.1

Not applicable.

Ite m 2

There have been 32 inspections performed. The average rt:n time is 1000 hours and the
average number of starts is 500. No adverse findings were noted from the inspections.
This represents 25 % of the total population of crankshafts inspected.

Imml

P There have been 45 inspections performed. The average run time is 1100 hours and the
average number of starts is 500 No adverse. findings were noted from the inspections.

. = .
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This represents 25% of the total population of crankshaft fillets inspected.

item.4

There have been 44 inspections performed. The average run time is 1000 hours and the
average number of starts is 500. No adverse findings were noted from the inspections.
This represents 25% of the total population of crankpin journals inspected. ;

CONCLUSIONS

Approximately 25% of the oil holes, fillets and jonmals have been inspected on the
DSRV-16 crankshafts. The minimum number of hours at inspection was more than 700
while several inspections were done on engines with morc than 2000 hours of operation.
More than 70 % of the engines have operated such that the calculated fatigue limit 'of the
crankshaft has been validated. The DSRV-16 engines are operated within the design
limits of 100% power to 110% power. When operated in this manner the crankshaft has
been shown to have an infinite fatigue life. Based on operating power limits, infinite
fatigue life and the positive inspections conducted with significant operating hours, this
component would not be expected to require an overhaul within the 40 year operating life
of the station.

4J 02-315A Cylinder Block

O ,

BACKGROUND

A thorough design review of this component was comptr .tring the initial DR/QR
review. This review showed that some castings fabricatt./ . ring the period when the
Owner's engines were manufactured could contain Widmanstaetten graphite. '

Widmanstaetten graphite is an inclusion that weakens the grey iron casting. It was shown
that blocks containing this material have a greater potential for developing cracks.
However,it was also shown that should these cracks develop for any reason they would
not impact the block's to perform its intended design function. Analysis indicated that
cracks would be expected to arrest without any impact on block performance. However,if
the worst case scenario of crack propagation is assumed,it was shown that the flow path
for water would be to the block exterior. This degradation would not impact engine
performance and would be readily detectable. A cumulative fatigue usage index formula
was created and an inspection frequency was established based on that usage factor.-
Further, it was noted by the Owner's Group and by the NRC that this analysis was
conservative. PNL 5600 states "If cumulative results of these inspections over several
power plant fuel cycles show that one or more of the inspections reveal nothing of
significance, the scope and frequency of the inspections could be reconsidered." _(Source
PNL-5600, Section 4.9.5.2)

LO 12
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I OVERHAUL

An overhaul of the block would typically address the following item:

- Perform visual inspection for cracks.

DAIt1

There are currently 20 of these components in service in twenty engines.

There have been 129 inspecticns performed. The average run time on this component is
1000 hours and the average number of starts is 400. No adverse findings were noted from 1

the inspections. This represents 90% of the total population of blocks inspected. ;

CONCLUSIONS

All engines currently in nuclear service have had block top inspections performed all with ;

more than 600 hours of operation. No block cracking has been identified. Based on a i

design analysis which shows that cracking does not impact component performance and

_ )inspection results with the significant accumulated operating hours, it can be expected that
this component will operate the life of the plant'without overhaul. Non nuclear

'

experience with this component indicates an infinite life expectancy. Based on the PNL
\ 5600 information (PNL-5600, Section 4.9.5.2), design analysis and inspection results to

date it is concluded that this inspection is not required.
'

Afi 02 315C Cylinder Liners

BACKGROUND

The initial review of cylinder liner design revealed no major concerns. The only concern
identified was potential cylinder liner wear. Inspections of liners in nuclear service have
shown minimal wear. Recent 10CFR21 reports have highlighted that liners installed with

. a " loose fit" as originally prescribed by TDI and FaAA are subject to mitial motion
until the liner is thermally heated and expands tight against the block. This has resulted
in some reported cracking on 'non nuclear engines and on at least one nuclear engine. The
vendor resolution to this item is that the liners with " loose fit" are acceptable for service

- up to 3000 operating hours and at that point should be inspected and/or replaced with the
,

" tight fit" liners. During recent inspections at one nuclear facility 2 liners were replaced
due to scuffing. This scuffing was result of carbon build up on the rings. The root cause
of this carbon build up is thaught to be an excessive fuel condition experienced during
fast starts. This problem is still under investigation.

t'
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OVERHAUL

An overhaul of the liner would address the following item:

1)_ Perform a visual inspection of liners for progressive wear and cracking.

2) Per 10CFR21, an inspection for cracking and/or replacement will be made.

DATA

There are 304 liners currently in service in 20 engines.

Item.1

There have been 840 inspections performed. The average run time is 900 hours and the
average number of starts 400. One finding of a cracked liner has been reported and is
addressed by the 10CFR21 resolution. Two cylinder liners with scuffing were identified
on one engine. No other findings have been identified.

Ite m 2

Inspection per 10CFR21 have begun. Results are not currently available on this item.

CONCLUSIONS

The only finding thus far has been the indication of crack at one nuclear utility and liner
scuffing at another. While the analysis has shown this component satisfactory for station
life, to address potential liner cracking, vendor recommendations for inspection and/or
replacement of liners at or prior to 30# operating bours will be followed unless other
engineering evaluations performed show that this ir spection and/or replacement is not
required. The liner scuffing problem _is still under investigation. A remedial program to
address this concern.will be developed by the Owner's in concert with the engine
manufacturer. Future overhaul intervals / inspections will be evaluated based'on additianal
analysis and experience. Non nuclear users normally run engines for 55,000 hours prior
to replacing this component. It is concluded that the cylinder inspection requiremeit
should be deleted. The basis for this conclusion is two fold. First, there have been
significant inspections of this component with no problems identified. Second, the
Owner's and manufacturer have proactive remedial programs underway to address the two -
concerns identified. ' Any maintenance, overhaul or inspections required to address these

' issues will be included in the Owner's maintenance programs.

14
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L7. Il23 40A/B Connecting Rods /Bearines/ Bushings

O
4.7.1 DSR Series Engines

BACKGROUND

No problems have been found with the in line series connecting rods. The design review
found factors of safety in the design calculations in excess of 5.0 for critical loadings
(PNL-5600, Section 4.3.3.2.3.)

,

OVERHAUL H

!

An overhaul of the connecting rod would address the following items:

1) Inspect and measure all connecting rod bearing shells to verify tube oil ;

maintenance, which affects wear rate.

2) Inspect and measure the connecting rods. .)

d

3) Perform an x-ray examination on all replacement bearing shells to acceptance !
criteria developed by Owners Group Technical Staff. l

!

4) All connecting rod bolts. nuts, and washers should be visually inspected, and |O damaged parts should be replaced. The bolts should be MT inspected to verify the I

continued absence of cracking. No detectable cracks should be allowed at the root j

of the threads. 1
.,

5) During any disassembly that exposed the inside diameter of a rod-eye (piston pin)
bushing, the surface of the bushing should be LP inspected to verify the continued
absence of linear indications in the heavily loaded zone width +/--15 degrees of the
bottom dead center position. ,j

4

l
'

DATA

~

There are 16 in line connecting rods in service in two engines.

Ite m 1

There have been 6 inspections performed. The average run time is 700 hours and the
average number of starts is 275. No adverse findings were noted from the inspections,
This represents 35% of the total population of connecting rods inspected.y

-

O i5



. _ , _ _ , _ . , . - -- . . . - - _ - . -

.

Ite m 2

t There have been 4 inspections performed. The average run time is 700 hours and the
average number of starts is 275. No adverse findings were noted from the inspections.
This represents 25% of the total population of connecting rods inspected.

Ite m 3 i

Not applicable. X-ray examination of bearing shells was addressed in a previous
communication to the NRC.

Ite m 4

There have been 52 inspections performed. The average run time is 700 hours and the
average number of starts is 275. No adverse findings were noted from the inspections.

Ite m 5

There have been 4 inspections performed. The average run time is 700 hours and the
average number of starts 275. No adverse findings were noted from the inspections. This
represents 25% of the total population of connecting rods inspected.

CONCLUSIONS4

25% of these components in nuclear service have been inspected with' no adverse findings.
Based on the large design factors of safety and the minimum wear exhibited after more
than 700 hours of operation, it is projected that this component will last the 40 year life of
plant without overhaul. Non nuclear users normally run engines 50,000 hours prior to
rod replacement.with bushings replaced at 35,000 hours. It is concluded that inspection
of these components is not required based on large factors of safety in the design and
extensive positive inspections.-

4.7.2 DSRV-16 Series Engines '

BACKGROUND

Problems have been found on DSRV articulated connecting rods with 1- 1/2 bolts.' These
problems were discovered prior to the use of the DSRV. engines in nuclear service and
during the early start up periods for the nuclear engines. The root cause of these
problems was inadequate connecting rod bolt'preload. The Owners Group consultants
proposed the measurement of connecting rod preload using an ultrasonic stretch .
measurement technique. This technique is more accurate than measuring torque and.can >

be used to determine if any_ bolt relaxation or cracking has taken place without

16
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disassembly. This ultrasonic preload measurement methodology was adopted by the
- Owners. Since the implementation of this technique no connecting rod problems have

y been reported.
,

One utility was supplied with connecting rods with 17/8" bolts. Analysis has indicated
that at 100% design load, these bolt loads are slightly above the fatigue initiation stress.
(Reference FaAA report FaAA-84-3-14) This work indicated that these bolts are
satisfactory as long as they are properly torqued and the engine operating load is limited
such that connecting rod stresses remain below the fatigue initiation curve. Operating
load for this engine has been limited to ensure that this condition is met. Ultrasonic ,

preload measurement is also used to ensure proper bolt loading.

OVERHAUL

An overhaul of this component would address the following items:
1

1) Inspect and measure all connecting rod bearing shells to verify lube oil ,

maintenance, which affects wear rate.

|
2) Inspect and measure the connecting rods.

'

3) Perform an x ray examination on all replacement bearing shells to acceptance
criteria developed by Owners Group Technical Staff.

.r
4) All connecting rod bolts / studs, nuts, and washers should be visually inspected, and

damaged parts should be replaced. The bolts should be MT inspected to verify the
continued absence of cracking. No detectable cracks should be allowed at the root
of the threads.

'

5) During any disassembly that exposed the inside diameter of a rod-eye (piston pin)
bushing, the surface of the bushing should be LP inspected to serify the continued
absence of linear indications in the heavily loaded zone width +/- 15 degrees of the
bcttom dead center position. ,

6) Measure the clearance between the link pin and link rod. This clearance should be '

zero; i.e. no measurable clearance when the specified bolt torque of 1050 ft lbs is
applied.

1

7) Visually inspect the rack teeth surfaces for signs of fretting.
,

8) Inspect mating surfaces to verify that the minimum manufacturers' recommended ' |
#

percent contact surface is available. i

1
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9) Measure bolt stretch prior to disassembly to denote if any relaxation has
occurred.q

k,/ .

10) .All connecting rod bolts / studs should be visually. inspected for thread damage I
'

(galling) and the two pairs of connecting rod bolts / studs above the crankpin should
he MT inspected to verify the absence of cracking. All washers used with the
bolts / studs should be examined visually for signs of galling or cracking and j

replaced if damaged. If prestessor package is installed, this does not apply. H

I1) A visual inspection should be performed of all external surfaces of the link rod box
to verify the absence of any signs of service induced distress.

12) All of the bolt holes in the link rod box should be inspected for thread damage-
(galling) or other signs of abnormalities. Bolt holes subject to the highest stresses
(the pair immediately above the crankpin) should be examined with an appropriate - i

nondestructive method to verify the absence of cracking. Any indications should
be recorded for evaluation and corrective action. If prestressor package is
installed, this item does not apply.

DATA

There are 144 pairs of articulated connecting rods in service in 18 engines. . These rods
have associated with them 864 bolts / studs and nuts. There are a total of 288 link rod box-
threaded holes.

_

RemJ.

There have been 55 inspections performed. The average run time 1000 hours and the
average number of starts is 500. No adverse findings were noted from the inspections.
This represents 30% of the total population of connecting rods inspected. ,

ite m 2

There have been 68 inspections performed. The average run time is-1100 hours and the
average number of starts is 500. No adverse findings were noted from the inspections.

Ite m 3 -

Not applicable. X-ray examination of bearing shells was addressed in r previous
communication to the NRC.

.
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n.
(] There have been 260 inspections performed. The average run time is 900 hours and the
,

average number of starts is 500. No adverse findings were noted from the inspections.

11sm_5

There have been 69 inspections performed. The average run time is 900 hours and the
average number of starts is 500. No adverse findings were noted from the inspections.

11cm_f1

There have been 94 inspections performed. The average run time between is 1000 hours
and the average number of starts is 300. No adverse findings were noted from the
inspections.

Ite m 7 |

There have been 63 inspections performed. The average run time is 1000 hours and the
i

average numoer of starts is 500. No adverse findings were noted from the inspections. T |

hcm1

p There have been 66 inspections performed. The average run time is 1000 hours and the
V average number of starts 300. No adverse findings were noted from the inspections.

11r1IL2

There have been 1290 inspections performed. The average run time is 1100 hours and the
average number of starts is 500. No adverse findings were noted from the inspections.

Item 10

There have been 290 inspections performed. The average run time is 1000 hours and the

average number of starts is 500. No adverse findings were noted from the inspections.

Item 11

There have been 56 inspections perfctmed. The average run time is 1000 hours and the

average number of starts is 500. No adverse findings were noted from the inspections.

g
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Item 12 |
~ ,

'

There have been 106 inspections performed. The average run time ia 1000 hours and the
average number of starts is 500. No adverse findings were noted from the inspections. |

;

CONCLUSIONS

Extensive inspections of the areas of interest on connecting rod assemblies have been
conducted without any adverse findings. The average number of hours on the engine at
time of inspection was more than 900 hours. Sever:.. engines had more than 2000 hours ,

at the time of inspection. All utilities have implemented the use of ultrasonic preload
measurement. For the 1-1/2 " bolts adequate margin against fatigue has been shown to
exist at engine design load. The one utility with engines using the 17/8 " bolts has i

instituted engine operating load limits to ensure that fatigue failure is precluded. Based
ion the design margins, the use of ultrasonic preload measurement. an operating load limit

for engines with I 7/8 " bolts and the inspection results, this component can be expected
to last the 40 year plant life without overhaul.

Non nuclear users typically run engines 50,000 hours prior to replacement of this
component and 35,000 hours prior to replacing the rod eye bushing.

M 02-341 A Pistons / Rings+

BACKGROUND

All nuclear users have installed the AE model piston skirts. These piston skirts have
previously been qualified at the rated engine load and have been validated for their fatigue ,

life on 13 of the 20 engines in service. Analysis of the AE piston skirt dasign margin
against fatigue (PNL-5600. Section 4.16.3) supports the Owners Group engine
qualification findings.

,

DyJRHAUL

An overhaul of the pistons and rings would address the following item:

Inspect and measure the skirt and piston pin.-

DATA

There are currently 304 pistons in smice in 20 engines.

There have been 91 inspections performed. The average run time is 800 hours and the -.

average number of starts is 500. No adverse findings were noted from the inspections.

20
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This represents 25% of the total population of pistons inspected.

' CONCLUSIONS

l
'

Pistons and rings have been one of the more reliable components in nuclear service. 25%
of the pistons in nuclear service have been inspected. Some inspections have been
conducted with more than 2000 hours of operation. Inspections have revealed no stress
related or any wear related concerns. Based on the number of hours logged in service, the
positive inspection results and the design margin it is expected that the AE piston skirts <

and rings to run the 40 year life of plant prior to overhaul. . Non nuclear users typically
run engines 60000 hours prior to replacing pistons and 20,000 hours prior to replacing
rings.

12 02 360A Cylinder IIcads ,

BACKGROUND

Cylinder heads for the DSR-48 series and DSRV-16 series engines are similar in design
and are addressed as one component. Cylinder heads are designated as either Group I, II,
or 111. These groupings identify three distinct periods of design and design / fabrication
control. These periods are marked by changes in the casting and fabrication of the heads
and in the weld techniques used to repair the heads. Some of all three groups of heads

G remain in nuclear service today. PNL-5600, Section 4.10.3.3 concluded that all groups of
C heads are adequate for their intended service. Any cracks which develop would not be

detrimental to engine performance. The flow path of water resulting from a crack would
be to the exterior of the engine which would be readily detected and would allow the head
to be repaired or replaced. As an added precaution against cylinder head cracking, air
rolling of the engine with the indicator cocks open is used at all sites to check for
potential in leakage of water. Cylinder head cracking or water in leakage has been
observed. A previous 10CFR21 notification regarding leakage through a small thinned
area has been evaluated and a program to address the problem has been imp _lemented.
This is documented in the response to the notification.

OVERHAUL

An overhaul of the heads would address the following items:

1) - Visually inspect cylinder heads.
i

2) Record cold compression pressures and maximum firing pressures

3) Blow-over the engine at least 4 hours but not more than 8 hours after engine
shutdown.

'
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4) Visually inspect the area around the fuel injection port on each cylinder
head during the normal monthly run for signs of leakage.

There are currently 304 heads in nuclear service on 20 engines.

Item 1

There have been 498 inspections performed. The average run time is 1000 hours and the
average number of starts is 400. No adverse findings were noted from the inspections.

Ite m 2

Not applicable.

IMml

Not applicable.

Ite m 4

Not applicable.

CONCLUSIONS

There have been extensive inspections of this component. The average operating hours on
the cylinder heads is 1000 and some heads have operated more than 2000 hours. No
cylinder head cracking has been identified which has caused a loss of engine performance.
Based on the large number of operating hours, and the positive inspection results, this
component is expected to last the 40 year plant life without needing overhaul. Non
nuclear users typically run their engines 35,000 hours prior to performing an overhaul of
this type component.

LIQ - 02 365C Fuel In_lection Tubing

BACKGROUND

A l0CFR21 notification was issued on 7/20/83 by TDI alerting Owners and the NRC of a
condition that may cause failure of the tubing. This condition results from a draw seam
that acts as a stress riser on the inner surface of the tube. The draw seam is induced

'

during the drawing phase of the manufacturing and generally will extend over most of the .

length of the tube and is readily detectable. The review noted the tubing is acceptable as

22
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long as no preexisting flaws greater than a depth of .0054" existed. This prompted the
recommendation to eddy current the tubing prior to bending and install replacement tubing |g

. !g that had been eddy current tested or of the new shrouded tubing design (tube.within _a
tube). The reasons for the concern are the potential for fire resulting from a broken tube
and a personnel safety issue due to a high pressure fuel oil leak.

OVERHAUL

An overhaul of this component would address the following items: .,

|

1) Check tubing for leaks at compression fittings.
.

2) Visually inspect tubing lengths for fuel oil leaks or cracks if tubing is unshrouded. ]
If shrouded. fuel oil leakage can be detected at the leak-off ports in the base nuts, j

which are provided for this purpose, or by annunciator, if so equipped.
'

DATA

There is multiple footage of tubing on any particular engine with numerous fittings. The
number is dependent on tubing routing and room layout.

Item 1

Not Applicable. ;

Ite m 2

There have been more than 3000 inspections performed. The average run time is
approximately 700 hours and the average number of starts is 300. No adverse findings
were noted from the inspections.

CONCLUSIONS

Based on the service of this component and the ease of inspection for leaks during
operation, overhaul of this component is unnecessary. However, life of each fitting and

- tube assembly cannot be assured over the 40 year life depending on vibration maintenance
loads, etc. While actual overhaul is not required, periodic inspections should be formed in
order to monitor tubing for leakage and repair as required. Commercial engine life for
this component is approximately 35.000 hours.

|
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All - 02 390C Push Rods

BACKGROUND

Major problems with this component resulted from a previous TDI design which is no
longer in use by nuclear utilities. Nuclear engines currently employ the friction welded
design. The performance of this design in nuclear service has been excellent. A design
fatigue and a buckling evaluation has shown acceptable factors of safety for this
component.

OVERHAUL

An overhaul of the push rod would typically address the following items:

1) The push rod should be visually inspected for cracks. A one time inspection using
liquid penetrant was required.

2) Each push rod of the friction-welded design should be inspected initially by liquid
penetrant. If this initial inspection was not performed prior to placing the push
rods in service, it should be performed at the first overhaul. If the friction-welded
push rod has been previously inspected by liquid penetrant, then visual
examination will suffice for future inspections. All friction-welded push rods with

I cracks should be replaced, preferably with push rods or the same design.

DATA
i

There are a total of 912 push rods currently in service is 20 engines.i-

|

Item 1.

Not Applicable.-

11mL2

I There have been greater than i16 inspections performed. The average run time is
'

i' approximately 800 hours and the average number of starts is 300. No adverse findings
were noted from the inspectioris.

.

4

[ CONCLUSION

i

Since replacement with an enhance design problems have been identified with push rods.:

Based on the design margins, significant number of operating hours and number of,

inspections, this component should achieve the 40 year life without an overhaul q

;- 24
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inspection. Non nuclear users typically run engines for 100.000 hours prior to
replacement.

~

Lil 02 390G Rocker Arm Capscrews/ Drive Stulls

BACKGROUND

The review during the initial DR/QR revealed that capscrews failures had occurred on an
isolated basis. The cause of the failures was due to insufficient preload o.: the capscrews.
The Owners Group preformed a detailed design review of the component. This review
calculated appropriate resultant stresses, endurance limits, and evaluated the material
requirements to ensure that the material was suitable. PNL-5600, Section 4.18.4.3 notes,
"If the rocker arm capscrews are installed with the proper preload, they should not require
any maintenance / surveillance until they are removed for other reasons."

OVERHAUI,

An overhaul of the rocker arm capscrews would address the following item:

1) Verify capscrew torque values upon reassembly.

2) Verify that rocker arm drive studs are intact and tight at reassembly.
A
V DATA

- There are numerous rocker arm capscrews in service for 20 engines.-

Ite m i

There have been 91 inspections performed. The average run time is approximately.700
hours and the average number of starts is 270. No adverse findings were noted from the
inspections,

f

htm_2

There have been 183 inspections performed. The average run time is approximately 800
hours and the average number of starts is 270. No adverse findings were noted from the
inspections.

CONCLUSIONS

The Owners have emphasized elimination of the cause of the original capscrew failures.
Capscrew installation procedures address ensuring proper preload. This approach has -

25
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eliminated capscrew failures. Based on the inspection results and the adequate design
margins identified this component should not need overhaul during the 40 year life of the,

i plant.

113._ Lower Liner Seals

1
UACKGROUND 'l

The lower liner seals are an elastomeric 0 ring that forms a seal between the liner and
block assembly. This seal prevents the mixing of engine cooling water or jacket water
with lube oil. The seals au made of viton which has an excellent record of service in
such applications. There are three seals for each cylinder which provides multiple barriers .|
in the unlikely event of one of the seals failing. |

|

OVERHAUL

This is an inexpensive item which requires replacing once a cylinder liner is removed
from the engine.

DATA

There are 912 seals in service in 20 engines.

Ite m |
|
IThere have been 84 inspections performed. The average run time is 200 hours and the

average number of starts is 100. No adverse findings were noted from the inspections.

CONCLUSIONS |

I

The concern for engine owners is that engine disassembly for replacement of the liner
seals on a time dependent basis is costly and unnecessary. Monitoring of the oil and I

jacket water levels provides an alternate means for determining whether thcce seals need
replacing. A significant number of inspections of these seals have been conducted with - .l

. Ino degradation identified. In addition, the multiple seal design provides added protection
against seal failure which would actually impact engine performance Based on the failure.
monitoring capability, the multiple seal design and positive inspection results, the lower
. liner seals do not need replacement during the 40 year life 'of the plant unless| the liner is ;

removed for other reasons. This conclusion'is supponed by Cooper based on their non
nuclear and nuclear engine experience.

26
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inspection. Non nuclear users typically run engines for 100,000 hours prior to ;

replacement.

1 12 02-390G Rocker Ann Capscrews/ Drive Studs

BACKGROUND

"

The review during the initial DR/QR revealed that capscrews failures had occurred on an
isolated basis. The cause of the failures was due to insufficient preload on the capscrews.
The Owners Group preformed a detailed design review of the component. .This review
calculated appropriate resultant stresses, endurance limits, and evaluated the material
requirements to ensure that the material was suitable. PNL-5600, Section 4.18.4.3 notes,-
"If the rocker arm capscrews are installed with the proper preload, they should not require
any maintenance / surveillance until they are removed for other reasons."

,

OVERHAUL

An overhaul of the rocker arm capscrews would address the following item:

1) Verify capscrew torque values upon reassembly.

2) Verify that rocker arm drive studs are intact and tight at reassembly.
/

DATA

There are numerous rocker arm capscrews in service for 20 engines.
E

lte m 1

- There have been 91 inspections performed. The average run time is approximately 700
hours and the average number of starts is 270. No adverse findings were noted from the -

'
,

inspections.

Ite m 2

There have been 183 inspections performed. The average run time is approximately 800
'

hours and the average number of starts is 270. No adverse findings were noted from the
inspections.

CONCLUSIONS

The Owners have emphasized elimination of the cause of the original capscrew failures.
Capscrew installation procedures address ensuring proper preload. This approach has ;

25
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eliminated capscrew failures. Based on the inspection results and the adequate design<

margins identified this component should not need overhaul during the 40 year life of the
( plant.

Lil - Lower Liner Seals
~

BACKGROUND

The lower liner seals are an elastomeric 0 ring that forms a seal between the liner and
'

block assembly. This seal prevents the mixing of engine cooling water or jacket water
with lube oil. The seals are made of viton which has an excellent record of service in
such applications. There are three seals for each cylinder which provides multiple barriers
in the unlikely event of one of the seals failing.

OVERHAUL

This is an inexpensive item which requires replacing once a cylinder liner is removed ~- ,

from the engine.

DATA
,

There are 912 seals in service in 20 engines. ,

O Ite m 1

There have been 84 inspections performed. The average run time is 200 hours and the
average number of starts is 100. No adverse findings were noted from the inspections.-

CONCLUSIONS

The concern for engine owners is that engine disassembly for replacement of the liner
seals,on a time dependent basis is costly and unnecessary. Monitoring of the oil and

'

jacket water levels provides an alternate means for determining whether these seals need
'

replacing. A significant number of inspections of these seals have been conducted with
no degradation identified. In addition, the multiple seal design provides added protection
against seal failure which would actually impact engine performance Based on the failure
monitoring capability, the multiple seal design and positive inspection results, the lower,

liner seals do not need replacement during the 40 year' life of the plant unless the liner is
.

removed for other reasons. This conclusion is supported by Cooper based on their non
nuclear and nuclear engine experience.
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SAMPLE DATA TABLE (annotated) )

ATTACHMENT II

25
i2/4 m Results of insoection for TDI D/G Phase I Comoonents 1

f
\

Component UNiity No. Run Hours No. !

No. PM No. Resutts D/G Train inspections Storts

MkO22/23 6 Turbochorger Monf Recom O/H Hrs: 8000 10000
'

The nou i nno compori ts and blot gude vones should be visuotv inspected for missing pods pods showing distress. If
such con $tions are noted, entre nng ossombly should be topioCed

5 615 325 l
CP&L py go_.

|Presenove m.untenance task number as
MP422/23: defined in Appenda II of the DRA)R '

Component number (DR/QR) ATAWB Revison 3 10 136 155

SAT Manf.Recom O/H Hrs:
Manufacturer's recommendations for

DPC CATAWBA 2A commercial engnes for component
een noPM Description: Escovered on the right bank turbo - operation prior to

BrieIdescripton of PM task. ic turbo fo3ures due to this condtic overhaul /replxenent

DPC CATAWBA 2B 8 152 163

One missing vone was discovered on the right bank turbo during one inspection but there have been no
hstonces of,cotostrophic turbo foDures due to this condtion.

PERRY 1R43C001 A/ 1R43C0018 2 42 34

[ _
SAT

Utibry Results- No. Starts:
IEGS EGI A

linef de.cnpoun of the mspection result ( For components that have been

',Jatisfxtory (SAT) indicates that no overtuuled/ replaced. No. Starts indicates the _

conditions were found which would hase number of run hom logged prior to
IRd3 N IAprevented the E!X) Imm performing its overhaulheplacement. for components which

intended function. have not been replaced / overhauled e.g.
-

- crankshaft, block etc No. Starts indicates the
RAND GULF 1 A/ DIVI number of houn logged without an adverse

SAy finding.
~

_

PEREN 1R43C0018 1 300 IK)

SAT

VOGTLE 18 2 852 236

SAT

Ru Htiun:
VOGTLE 673 180

Far components that have been
SAT overhauledheplaced, Avg Run Hours

indicates the number of run hours logged W 237VOGTLE prior to overhaulhepbccment. Ik
SAT components which have not been j

replaced! overhauled e 3. crarishaft, block i

TU ELECTRIC etc. Avg Run Hours indicates the number of 790 146 i

SAT hours logged without an adverse finding.

|

1U ELECTRIC lEGI I 678 99 )

SAT i

Nunhr of Nh*ns:
DPC CATAWBA 1A

Number of times the DR/QR task has
*NOne missing vone was escovered on the right bank turi been performed. (Bruken down by

instancos of cotostroptic turbo folutes due to this con < component where applicable e F. bolts,
nuts, pins etc.)

SAT

i

_4
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DATA TABLE THIRTEEN COMP 0 NETS

.

ATTACHMENT III ,

1
,

!

i

Results of insoection for TDI D/G Phase I Comoonentsl 12/5 m(u
No. Run Hours No.

Component Utnfry

No. PM No. Results D/G Train inspecitons $ torts

02 305A 1 Bac Assombly Manf Recom O/H Hrs: intnite

Porform o vsuol noection of the boso The ospecfron should include the creas adjacent to the nut pocks.s of eoca tearng
saddle and be conducted ofter o thorough wape down of the surfaces. usrg good hghtog

DPC CATAWBA 18 5 1436 ;])

SAT.

GRAND GULF 1B/DIV 2 1 1077 345 i

SAT

GRAND GULF 1 A/DIV I I 1710 433

$AT

DPC CATAWBA 2B 4 792 652

SAT,

DPC CATAWBA 2A 4 793 679

$AT.

CP&L IDG E003 4 615 325

SAT

RIVER BEND IEGS*EGI A 4 907.5 346.

SAT

DPC CATAWBA 1A 5 14 % 858

SAT .

VOGTLE 2A 2 673 10

SAT

VOGitE 18 3 852 236

SAT

VOGTLE lA 3 866 237

SAT

VOGTLE 20 2 5$ 133

$AT

PERRY IR43C001 A/ 1R43C0018 6 300 10

SAT

CP&L IDG E002 4 891 '426

SAT
-

RIVER BEND LEGS *EGIB 4 746 2 247

SAT

Totois: Sum: [52 j Avg: (91431 j Avg: L4159J9

!

O ID
:

:
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2.Results of insoection for TDI D/G Phase i Components.iris /93

No. Run Hours No.Component Utility

No. . PM No. Results D/G itoin Inspections Starts

t

02 305C 1 Man Beorno Cops. Studs & Nuts Monf RecomO/HHrs: Bro 35.000. Cop / Stud / Nut i hf.

The moting surfaces at the beorng cop /soddle interf ace should Ibe nspected when Ososse% led to ensure the obsence of
surf oce imperfections that might prevent tight bolt up.

DPC CATAWBA 1A 3 605 739

SAT

DPC CATAWBA IB 3 681 775

SAT

GRAND GULF 1A/ DIVI 16 1710 433 '

$AT

GRANO GULF 1 A/ DIVI 16 2021 655

SAT

GRAND GULF 1 A/DIV I 16 2148 712

SAT -

GRAND GULF 1B/DIV 2 16 1454 605

SAT

DPC CATAWBA 28 3 609 652.

O -
DPC CATAWBA 2A 3 633 607

SAT

CP&L IDG E003 8 615 325 |

SAT

PERRY 1R43C001 A/ 1R43C00lB 8 530 310

SAT

VOGTLE IB 4 852 236-

SAT

CP&L IDG E002 6 '725 355
'

b#I =l

RfvER BEND 1EGS*EGIB ~4 7462 247

SAT

RIVER BEND 1EGS*EGI A 2' ~ 786.75 ' '299

SAT

Totals: Sum: (108 i Avg: |1006.3J Avg: 14964 j

02 310A 2 Cronksnoft Mont RecomO/H Hrs: hfnite

Exambe the fillets and Oilholes Of three main boorhg journals (4.6 &B) U5bg LP. Ifindcations are evident, o more thorough
exomination should be mode unng oppropriate NDE methods.

O DPC CATAWBA 18 3 1436 931

SAT

.
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Results of Insoection for TDI D/G Phase I Comoonents
3

A 12/5 m

(J
No. fun Hours No.Component Uttilty

No. PM No. Resutts D/Gfroln Inspections Starts

- .- .- . . - - . . _

GRAND GULF 1B/DIV 2 3 1454 606

$AT

GRAND GtXF 1 A/DIV I J 2148 712

SAT

DPC CATAWBA 2B 3 792 652

SAT

DPC CATAWBA 2A 3 793 679

SAT

CP&L IDG E003 3 615 325

SAT

VOGTLE IB 3 852 236

SAT

DPC CATAWBA lA 3 1496 858

SAT

CP&L IDG E002 7 725 355

O SAT

O 1943C001 A/ 1R43C0018 1 530 310
PERRY

SAT

'S66 3Totots: Sum: 92 i Avg: i1084 I I Avg: i

02 310A 3 Cronkshaft Monf Recom O/H Hrv nforte

Exomne the fJiots and oil holes of the cronkoin journos (choose 3 ftom nos. 3 through 8 incksve) using LP. If indications are
evident, o more thorough examination should be mode using oppropnote NDE methods.

GRAND GULF 1B/DIV 2 6 1454 636

SAT

GRAND GULF 1 A/DIV I 6 2148 712

SAT

DPC CATAWBA 2B 3 792 652

SAT

DPC CATAWBA 2A 3 793 6 79

SAT

PERRY 1R43C001 A/ 1R43C0018 1 530 310

SAT

VOGTLE IB 9 852 236-

SAT

CP&L IDG E003 3 615 325

b SAT
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Results of Insoection for TDI D/G Phase I Comoonents] 12<s/93

No. Run Hours No.Component Uttitty

No. PM No. Results D/G Troln inspections $ forts

DPC CATA NBA 1A 3 1496 868

$AT

DPC CATAWBA 18 3 1436 931
.

SAT

CP&L IDG E002 8 891 426

SAT

Totots: Sum: 45 ) Avg: |1100 7 Avg: !573 4 I2

02 310A 4 Cronkshaft Mont Recom O/H Hrs: ofintte

Measure diameter of cror'kotnjournols

CPSL IDG ECO3 5 615 325

SAT

GRAND GULF IB/OlV 2 6 1077 345

SAT

GRAND GULF 1 A/DIV t 6 1710 433

SAT

DPC CATAWBA 2A 3 793 679

SAT

OPC CATAWBA IB 3 1436 931

SAT

YOGTLE IB 9 852 236
i

SAT

PERW IR43C001 A/ 1R43C0018 1 530 3i0 ;

SAT

CP&L IDG E002 5 891 426 |

SAT

OPC CATAWBA 1A 3 14 % 858

SAT

DPC CATAWBA 2B 3 792 652

SAT

Totons: Sum: 544 | Avg: |l019 2_ Avg: [5.19 5 l
..

02 310A 2.1 Cronkshaft Mont Recom O/H Hrs: infnite

Esomne tne fillets and od holes in two of three cronkpin journals (5.6,7) using LP, if indcotions are evident, a more thorough
examnaton should be mode using opptoptiote NDE methods. (River Bond only)

- RMR BEND IEGS*EG1B 9 7462 247- |
'

- SAT

1
I

I
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Results of Insoection for TDI D/G Phase I Comoonents
n

T i2/s/93(v
No. Run Hours No.Component Utility

No. PM No. Results D/G Trein inspecfions Starts

RIWR BEND LEGS *EGI A 4 907.5 299

SAT

Totals: Sum- 13 Avg: {826 85 | Avg: |273

02 310A 3.1 Cronkshaft Monf Recom O/H Hrs: infinite

Examine the fillets and oil holes of the two main booring journals betwesen cronk pn journois Nos. 5,6 &7 usng LP. If
offcotions are evident, a more thorough examination should be modo ussng oporopriate NDE methods. (River Bend only)

RIVER BEND T EGS*EGIB 5 746.2 247

SAT

RIVER BEND 1EGS*EG1 A 2 786.75 299

SAT

Totals: Sum: |7 | Avg: {76648 j Avg: i273

Monf Recom O/H Hrs: nfrute
02 310A 4.1 Crorkshaft

Measure diomoter of crankpin journat(River Bend only)

RIVER BEND IEG!,*EGIB 2 746.2 247

[O SAT

RIVER BEND 1E35'EG1A 2 786.75 299

SAT

Totots: Sum: 4 ! Avg: |76648j Avg: [273
_

A
Monf Recom O/H Hrs: ofinrte

02 31SA 2 Cyfinder Block

Perform vsuolinspection for cracks

GRAND GULF 1B/DIV 2 18 1454 605

SAT

TU ELECTRIC IEG2 2 640 126'*

SAT

DPC CATAWBA 1A 5 14 % 858

I
SAT

DPC CATAWBA 2A 6 793 607

SAT

GRAND GULF 1 A/DIV i 24 2148 712

SAT

TU ELECTRIC IEG1 2 780- 122 !
'1

SAT

r voGitE 2A 4 673 1(D

(
SAT

- .
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Results of Insoection for TDI D/G Phase I Comoonents12/s m

No, Run Hours No.Component UtWty .
No. PM No. Resutts D/G froin inspections $ forts

- DPC CATAWBA 2B 4 796 652
,

SAT

TU ELECTRIC IEG1 3 678 99

SAT
,

VOGTLE 1A 6 866 237

. SAT

- VOGTLE 2B 4 673 133.

SAT

' DPC CATAWBA IB 8 1436 931

SAT

RIVER BEND LEGS *EGIB .I 746.2 247

SAT

RIVER BEND 1EGS'EGI A 2 907.5 - 365

SAT
,.

CP&L 1DG E002 32 891 426

SAT

-( TV ELECTRIC 1EG2 2 790 146

SAT

VOGTLE 18 6 852 236 !

SAT

Totols: Sum- [29 ! Avg: i977.63- Avg: I393.1

02 315C 1 Cfnder liners Monf RecomO/H Hrs: 55.C00

Podorm o vsual nspection of iners for progressve wear.

DPC CATAWBA IB 64 1436 931

SAT

VOGTLE IB 48 - 852 236

SAT

CP&L IDG E003 - 80 615 325

SAT

DPC CATAWBA 2A 80 793 679

SAT

DPC CATAWBA 28 64 792 662 ,

SAT

GRAND GULF - TA/ DIVI 64 2148 712

SAT

., - , , - , . -- . - - . _ . , . - _ .
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Results of Insoection for TDI D/G Phase I Comoonents12/sn3

No, Run Hours No.
Component Uttilty

No. PM No. Results D/G Troln inspocflons Storts

TU ELECTRIC IEG2 16 790 146

SAT

GRAND GULF 18/Div 2 64 1454 605

SAT

TU ELECTRIC IEG1 16 678 99

SAT

CPaL IDG E002 80 891 426

SAT

VOGILE lA 48 866 237

SAT

RIVER BEND LEGS'EG1 A 18 9075 366

SAT

VO GTLE 2A 32 673 180

SAT

TV ELECTRIC IEG1 16 7Ks 122

2 linors replaced due to scuffog

VOGTLE 28 32 673 133
'

SAT

PERRY 1R43C001 A/ 1R43C00!B .6 300 1m

SAT

RIVER BEND IEGS'EG1B 16 746 2 247

SAT

TU ELECTRIC 1EG2 16 MO 126 '

SAT

DPC CATAWBA lA 80 1496 858

SAT '

Totols: Sum: 1840- ' Avg: i92267 i Avg: (382 6_j

02 34GA 8 1. Connocing Rods. Bushngs. and Beort Mord RecomO/H Hrs: ' ROD /50000/ Bush 35000/Brg2E00

inspect and measure all connecting rod bearing shells to verify tube maintennoce.

RIVER BEND 1EGS'EG1 A 4 786.75 299

SAT
*

RIVER BEND 1EGS'EG1B 2 746.2 247

Totole: Sum: 16 | Avg: j766.48 i ' Avg: [273 |

O

- - __ _ _ _ . - _ _ _ _ _ _ _ . _ . _
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] Results of Insoection for TDI D/G Phase i Comoonents/ i2/s m

No, tun Hours No.
Component Uttitty

No. PM No. Results 0/G Itoln Inspechons Starts

-

02 340A 8 2 Connectog Rods. Butungs. ond Bean Monf RecomO/H Hrs:
ROD /5fr00/&sn 3520/Brg25000

Inspect and measure the connectog rods (2 for DSR's)

RIVER BEND TEGS'EGI A 2 786 75 299

SAT

RIVER BEND 1EG5'EGIB 2 746 2 247

Totats: Sum: 4 _ Avg: 76548 i Avg: :273__,

02 340A 8 4 Connectog Rods. Butungs, and Bean Monf Recom O/H Hrs: ROD /500CD/Busn 350ff/Brg25000

All connectog iod bolts nuts, and washers mould be visually espec1Gd and comoged oorts should be teoloced. We bolts
should be Miinspected.

RIVER BEND 1EGS*EG1B 36 746 2 247

SAT

RIVER BEND IEGS*EG1 A 16 786.75 299

SAT

fotols: Sum: 52 . Avg: 1766.48 i Avg: {273

02 340A 8 5- Comectog Rods. Bushings and Bean Mont RecomO/H Hrs: ROD /50000/&ah 35(00/&g250C0,

Dunng any disassembly that exposes the nside domotor of a rod-eye (ptston pin) buting. the surf ace of the bushing snould
be LP inspected to venty the continued obscence of inear indications n the heavity looced zone widtv . .15 degrees of the
bottom dead center position.

RIVER BEND 1EGS*EGI A 2 76615 297

SAT _

RIVER BEND IEGS'EGIB 2 746.2 247

SAT

Totots: Surn: 4 2 Avg: |76648 | Avg: [273 _

02 340A/S 1 Comectog Rods. Bushings and Bearin Mont RocomO/H Hrs: Rod 50000/ Bush 3500C/&g25000

Inspect and moosuro all connectog rod beorng shefts to vonfy tube oil maintenance, wr* ch offects weor rate

DPC CATAWBA 2A 8 793 67G

SAT

TU ELECTRIC IEG1 1 678 9

SAT

GRAND GULF IB/DIV 2 8 1077 345

SAT

GRAND GULF 1A/ DIVI 10 2021 665

SAT

v DPC CATAWBA 2B 4 792 60

|



. .w. . .. . - . . . , -~ - . .. - ~
..

a-

.

.

.

13

'Resulttof_Insoection for TDI D/G Phase i Components
7[

12/5/93

Component Utmy No. tun Hours No.

No, PM No, Results D/G Troin Inspecflons Starts

SAT

VOGTLE 3- 852 236

SAT

CP&L IDG E002 5 891 426

BAT

PERW 1R43C001 A/ 1R43C001B 3 530 310

SAT

DPC CATAWBA lA 4 14 % B58

SAT

DPC CATAWBA 1B 4 1436 931

SAT

CP&L IDG E003 5 615 325
,

SAT

Totals: . Sum:' :55 ~ _ Avg: . i 016 5 Avg: :501 51

02 3$0A/is 10 Cemectog Rocs.BusNngs and Bearn MarW Recom O/H Hrs: - Rod 50000/ Bush 35CXD/Brg25000 .
. s
' All connecting rod bolts should be visually inspected for threod domoge (golling) and the two pots of botts obove the

eromkon should be MT insp.,-ted 1o verify the obsence of crocking. All washers used with the botts should be examned
visuolly for

CP&L IDG E003 50 '615 325

SAT
_

GRAND GULF IB/DIV 2 ' AS - 1454 605 ..

'

SAT

GRAND GULF 1 A/DIV I 60 2148 712

SAT

DPC CATAWBA 2B 12 792 652
1

SAT

DPC CATAWBA IB 24 1436 931 .

0
SATi

CP&L IDG i T2 30 725 35

SA7

TV ELECTRIC 1EGI 6 678 99

SAT
-

,

PERRY 1R43C001A/ 1R43C001B ' 12 . 530 310

SAT --

VOGiLE IB 18 852 236
,

SAT
.

.

s

L:'

tI-
'

-
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N i2/5/93 Results of insoection for TDI D/G Phase I Comoonents 5

"(J
.

' '

No. Run Hours No.Cormonent Uttilty
No. PM No. Results D/G Troln inspections starts

f

DPC CATAWBA 1A 12 1496 858

$AT ,

DPC CATAWBA 2A 18 - 793 679 I

$AT

Totots: Surft f290 . Avg: |1047.2 | Avg: {523 8 i

02440A/B ~ 11 Connectng Rods. B@ings and Beann Monf RecomO/H Hrs: Rod 50000/ Bush 35000/Brg25000

A vsuolinspection should be performed of oil externot surfaces of the lnk rod box to verify the obsence of any signs of servicei

riduced dstress.

DPC CATAWBA 1B 8 1436 931
'

SAT

GRAND GULF IB/DtV 2 8 1454 605

$AT'

DPC CATAWBA 2B 4 792 652

$AT

DFC r 2A 6 793 6 79 e

I
,

SAT _

k CPAL 1DG E002 5 891 426

$AT

PERRY 1R43C001 A/ 1R43C0018 2 530 310

SAT
,

TU ELECTRIC 1EG1 1 678 99

SAT
_

VOGILE IB 3 852 236

$AT

DPC CATAWBA 1A 4 14 % 858

$AT

CP&L I DC. F'!;? 5 615 325

$AT

GRAND GULF 1 A/ DIVI 10 2148 712

$AT

Totals: Sum: [56 { Avg: i1062.3 | Avg: [530_3_j ,

I

l
02440A/B 12 Connoctog Rods. BusNngs and Beann Mont Recom O/H Hrs: Rod 50000/Bu" *C00/Brg25000

IAN of the bolt holes o the ink rod box should be bspected for thrH3d domoge (goling) or other signs of obnormolities. Bolt '

holes subrect to the highest stresses (the por immedictety obove the eronkpin) shodd be exomined with c proper . j

CP&L IDG E003 30 ' 615 325 !
'

OT
J

$AT
|
!

)
!

i*

+r - . ._i. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______.______._1________________ , _ _ . . _ _ _ . _ . _
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i7tS/93 Results of insoection for TDI D/G Phase I Comoonents " i
-

,

Component UN#y. No. Run Hours No. !

No. PM No. Results . D/G Train Inspections Starts

GRAND Gulf 1B/DIV 2 8 1454 - 605

$AT

GRAND GULF 1A/ DIVI 10 2148 712
,

SAT

DPC CATAWBA 28 4 792 652'

SAT

DPC CATAWBA 1B -8 1436 931

SAT
,

CP&L IDG E002 30 891 426 j
SAT

i

DPC CATAWBA 1A 4 14 % 858
'

SAT

PERRY 1R43CCOI A/ 1R43C0018 2 530 310 ;

SAT ;

VOGTti 1B 3 852 236

SAT

TU ELECTRIC IEG1 1- 678- 99

SAT
.

DPC CATAWBA 2A 6 793' 679 --j
SAT ;

|

Totals: . Surft [106 < Avg: 110623 j Avg: |5303 |

02 340A/B 2 Connechng Roos. Bahngs and Beann Mont Recom O/H Hrs: Rod 50000/ Bush 35000/Brg25000

Inspect and measure the connechng rods. Note Perform inspectson and measure for DSRVs and two for DSRs of tondom of
one time 6-year inspection.

OPC CATAWBA 23 4 792 652

SAT

CP&L IDG E003 10 615 325

SAT
'

GRAND GULF 1 A/ DIVI 10 2148 712

M
.. |

DPC CATAWBA 2A 9 793 607

SAT

DPC CATAWBA 1A 4 14 % 858

SAT

O DPC CATAWBA 18 8 1436 931

-SAT |
1

|

, . - . - . . - - . . ..
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12/s m Results of Insoection for TDI D/G Phase I Comoonents i2

.

Component Utitey No. Run Hours No.-
No. PM No. Results D/G Train inspecfions Starts

VOGTLE IB 3 852 236-

$AT

GRAND GULF IB/DIV 2 .8 1454 605'

SAT

CP&L IDG E002 .10 891 426=
'

SAT

PERRY 1R43CCOI A/ 1943C001B .2 530 310 <

SAT

Totoh: Sum: :68 } Avg: 111CO.7 i Avg: [5662 J

02 340A/B 4 Connectog Rods, Bushings and Boorin Mont Recom O/H Hrs: Rod 50000/ Bush 35000/Brg20000

All covecting rod bolts, nu's. and washers should be visually inspected and demoged parts should be replaced. The bolts -
shou 3 De Miinspected to verify the continuod obsonco of crociang No detectable crocks should be allowed of the root of -
the t leads

GRAND GULF 1 A/DIV i M 2148 712

SAT

' ~

[CP&L IDG E002 I 891 426

SAT 1
F

'

GRAND GULF IB/DIV 2 48 1454 605
#

SAT

DPC CATAWBA 2B 12 EN 652

SAT

DPC CATAWBA 2A 18 633 607

SAT

DPC CATAWBA 18 24 681 775- >

SAT

TU ELECTRIC IEG1 6 678 97 ;

SAT '

PERRY 1R43C001 A/ 1R43C0018 2 530 310 '

SAT !

VOGTLE IB 18 852 236

5AT

DPC CATAWBA lA 12 605 739

SAT.

CP&L IDG ICO3 . - 30 615; '325

SAT

Totals: Sum: [2&) lAvg: 188145 J . Avg: 1498.7 l'
.

.
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Results of Insoection for TDI D/G Phase | Comoonents
.

iv5/93

No. Run Hours No. . '
Component - . Util#y Starts

No - PM No. Results D/G Tronn inspectiorw

02 340A/B $ Connectog Rods Buhngs and Beann Monf RecomO/H Hrs:
Rod 5C000/ Bush 35000/ Big 25000

Dunng any dtsossomble that exposed the nsde diameter of a tod-eye (pston pn) tuhing, the surface of the bWung'should
be LP nsoected to vor# the continued obsence of knear ndicotsons o the hoovily loodeo zone width +/15 degrees of the -/
bottom

4 605 739
DPC CATAWBA 1A ).

SAT
,

GRAND GULF 1A/D(V! 10 2148 712

SAT I

GRAND GULF IB/DfV 2 8 1454 605

SAT

6 633 607
OPC CATAWBA 2A

SAT.

4 60? 652
DPC CATAWBA 28

SAT
_

DPC CATAWBA IB 8 681 775

SAT

CP&L IDG E002 10 891 426 '!

SAT
.

VOGTLE IB 6 ~852 236.

SAT

1R43C001 A/ 1R43C001B 2- 530 310
PERRY ..k

SAT
!

TU ELECTRIC IEG) 1 678 99
l
i

SAT

CP&L IDG E003 10 615 325

SAT

Totals: Sum: 16 0 i Avg: (88145j Avg: 498D
)

02 340A/B 6 Connectog Rods. Btshngs and Beonn - Mont RecomO/H Hrs:
' Rod 50000/ Bush 35000/Brg25000 -- |

t/aosure the clearance between the link pin and nnk eod. Theis cieorance should be zero; i.e., no moosuroble clearonce
when the specified bolt torque of 1.050 ft-Ibs es opphed.

TU ELECTRIC IEG' 1 '678 99 '

SAT

DPC CATAWBA 1A 16 8CD - 66

SAT. .

CP&L IDG E033 19 615 325 .

I

O '^'
16 - 775 .156 - i

DPC CATAWBA 18 - !

i

,
y
o

. - - - _ _ . . _ _ _ _-
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1W 12/5/93 Results of insoection for TDI D/G Phase I Comoonents ' ' - H

V
Component Utility

.
No. ' Run Hours . No.

No. PM No. Resu!!s D/G Train inspections Storts

SAT

GRAND GULF 1 A/ DIVI 10 2148 712
$AT.

I
GRAND GULF 1B/DIV 2 8 1454 .605
$AT

CP&L IDG E002 21 891 426?
SAT I

1

VOGTLE IB 3 852 236
$AT

Totals: Sum: i94 ' Avg: j1026.6j Avg: |328.1 |

02 340A/8 7 Connectog Dods. Burhngs and Bearin Morf Recom O/H Hrs: Rod 50000/ Bush 35000/Brg2'A00

At the overhout, visually inspect the rock teeth surfocos for sgos of frettng and at one time 5-year inspection for rods
dsossembled

DPC CATAWBA lA 4 14 % 858
SAT

..{ GRAND GULF 1B/Div 2 8 1454 .605
SAT:.

.

GRAND GULF 1A/ DIVI 10 2148 712
SAT.

DPC CATAWBA 2B 4 792 652
SAT

LOC CATAWBA 2A 6 793 679
SA)

-

CP&L IDG E003 6 615 325
$AT '

TV ELECTRIC IEGI 1 678 99
SAT

PERW IR43C001 A/ 1R43C001B 3 530 310
SAT

7]VOGTLE 18 3 852 236 .I
1 SAT

|
- CP&L 1DG E002 10. 891 426 'l

SAT !

{
DPC CA1AWBA IB 8 1436 931' 'i
bAI 1

.{._ 'I

L)
.

it .

a
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Results of Insoection for TDI D/G Phase I Comoonents3 i2/5 m

m.]
Ccr nponent Utt!!ty No. Run Hours No.

No. PM No. Resuits D/G Troln inspections Starts

fotots: Sum: '63 __ Avg: 1062 3 '' Avg: 530 3

02440A/8 8 Connectog Rods. Butings and Beann Mont Reccin O/H Hrs: Roc 50000/Busn 350.20/Brg25000

Insooct mahng surtoces to verity that the mrumum manufocturors recommended percent contact surfoce 6 f.uoaloble.

DPC CATAWBA 18 16 755 156

SAT

PERRY 1R43C001 A/ IP43CCOlB 3 530 310

SAT

GRAND GULF IB/DIV 2 8 1454 d]5

SAT

GRAND GULF 1 A/DIV I 10 2148 712

SAT

CP&L IDG E002 4 891 426

SAT

VOGTLE IB 3 852 236

/~N SAT
: ) -

x--/ DPC CATAWBA 1A' 16 800 66

SAT

CP&L IDG E003 6 615 325

SAT

Toto!s: Sum: 65 . Avg: 1005 6 i Avg: IJ54 5 |

02-340A/B 9 Connect.ng Ret. Butungs and Beann Mont Recom O/H Hrs: Rod 50000/ Bush 35C00/Brg25000

If connecting rod bolt stretch was moosured uttrosonicotty dunng reassembly foltowing the premMce rispecton,the len(, qts
of the two pair of bons above the crankpn shodd be remeosured ultrosonically before the link tod box is dsossembled.

DPC C ATAWBA 28 192 792 652

i

GRAND GULF 1 A/ DIVI d) 2148 712

SAT

DPC CATAWBA 2A 192 793 679

No loose or crocked fosteners found.

DPC CATAWBA IB 2B8 1436 931

SAT

CP&L IDG E003 6 615 325

SAT

) VOGTLE IB 18 852 236
= / SAT

_ _ _ _ . .
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Results of insoection for TDI D/G Phase I Comoonents

4

12/5 m .

No. - Run Hours No.
Component Utility .

- No. PM No. Results ' D/G froin . Inspections Starts
-

DPC CATAWBA 1A 4fD . 14 % 858 <

SAT

TU ELECTRIC 1EGI 6 678 99

SAT

GRAND GULF IB/Div 2 48 1454 605

SAT

Totots: Sum: !!290 _ Avg: |11404 |- Avg: 1566 3_ .

Manf RecomO/H Hrs: 600(X),

02 341 A 1 Pstons ,

hspect and measure slort and pston part ths atom assumes that AE sbrts cro instoDed For other types.see sitosecific
recommendations.

CPal IDG E002 10 891 .426

SAT

GRAND GULF 18/DIV 2 16 1454 605

SAT

DPC CATAWBA 2A 4 633 607
,

SAT.

k DPC CATAWBA 2B 8 607 652

SAT

CP&L IDG E003 10 615 325

SAT

PERW IR43C':0l A/ IG43C0018 4 575 219
,"

SAT

DPC CATAWBA 18 8 68) 775
,

SAT

RIVER BEND 1EGS*EGIA 2 786.75 297

SAT

DPC CATAWBA 1A 4 605 739

SAT

PERRY IR43C001 A/ 1R43C0018 4 53r) 310

SAT

RIVER BEND IEGS'EGIB 2 746.2 247-

' SAT

GRAND GULF 1A/ DIVI 16 2298 805

SAT f

VOGTlf IB 3- 852 236 ;

SAT(

.

-+< w * v w + m- w ,
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Results of Insoection for TDI D/G Phase | ComoonentsO i2/s/93

.AJ
No. Run Hours No.Cortponent Uttiny

No. PM No. Results D/G Troln Inspections Starts

Totals: Sum: 91 Avg: !867[38 I Avg: ;480 5 lI

Manf Recom O/H Hrs: 3SXD
02 363A 1 Cybnder Head

Visually ospect c@ndot heods (off cyhnders)

PERRY 1R430001 A/ IR43C001B 6 530 310

SAI

GRAND GULF 1B/DIV 2 16 1077 345

SAT

GRAND GULF 1 A/DIV i 16 2148 712

SAT

GRAND GULF 1 A/DIV I 20 1710 433

SAT

DPC CATAWBA 2B 64 792 652

SAT-

DPC CATAWBA 2A 83 793 679
|

SAT

[U CPal tog E002 22 891 426

SAT

RIVER BEND 1EGS*EG1B 8 746 2 247 ,

!.
SAT 1

CP&L IDG E003 7 615 325

SAT

RtVER BEND 1EGS'EG1 A 16 786 75 366

SAT

TU ELEC1RIC 1EG2 16 790 146

SAT

TU ELECTRIC IEG1 16 780 122

SAT

DPC CATAWBA IB 80 1436 931

SAT

TU ELECTRIC 1EG1 16 678 59

SAT

OPC CATAWBA 1A 80 1496 858

SAT

O TU ELECTRIC IEG2 16 640 126

SATN

y

1-
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/ 12/s/93' Results of Insoection for TDI D/G Phase I Comoonents
is

.Q
Component Uti ty No. - Run Hours No.

No. PM No. Resutts D/G Train inspections $ forts

VOGTLE IB 9 862 236

SAT

Totals: Sum: I488 Avg: 985.94 j Avg: I4125 i
,

02 365C 2 FuelinsectionTubog Monf Recotit O/H Hrs: 350CD

Visuolly inspect tubing lenghts for fuel oillecks or erocks if tubing is not shrouded. If shtouded, fuel oillookoge con be -
detected of the look off ports in the base nuts, wtich are provided for this purpose, or by annunciotor if so equipped.

VOGTLE 2B 32 560 133-

Some looks, no impoct on engine performance SAT
,

RIVER BEND 1EGS*EG1 A 9075 3d6

SAT

GRAND GULF 1B/DIV 2 56 1077 345
*

SAT

GRAND GULF 1 A/ DIVI 55 1710 ' 433

SAT

CP&L IDG E003 1000 615 325

SAT:{
\ VOGTLE IB 48 852 .236

Some looks, no impact on engine performance. SAT

TU ELECTRIC IEG2 27 790 145

. SAT

PERW 1R43C001A 16 211 115

Rccioced with shrouded tubing A few leaks on unshrouded tubes. SAT

TU ELECiRIC 1EG2 27 640 126

SAT - ,

DPC CATAWBA 1A 667 696 792

One fo, led fuelline was repioced, one leak was found. No impact on' engine performonce

TU ELECTRIC IEG1 27 678 99

SAT

TV ELECTRIC IEGI 20 780- 122 :

SAT 7

VOGTLE 1A 48 866 237

Some looks, no impoet on engine performonce. SAT

DPC CATAWBA IB 737 681 775 .|

One foiled fuel line was replaced, one look was found. No impact on engine performance j
,

'

/ PERRY 1R43C001B 16 160 154

\ Replaced wdh shrouded tubing. A few leaks on unshrouded tubes. SAT .

|

. - - ~ - . . . - . - - . - .
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''
Results of IDipection for TDI D/G Phase I Comoonents(') i2/s/93

V
Component utility No. Run Hours No.

No. PM No. Results 0/G Troln Inspections Sfarts

CP&L 1DG E002 1000 891 426

SAT

fotols: Sum: 13777 ! Avg: |757.16_ | Avg: |301.9 j

02 390C 2 Push Rods Monf Recom O/H Hrs: 1000CD

RIVER BEND IEGS*EGI A 48 907.5 366

SAT

CP&L IDG E002 44 891 426

SAT

CP&L IDG E003 22 615 325

SAT

GRAND GULF 1B/DIV 2 2 1077 345

SAT

Totals: Sum: ill6 i Avg: |872.63 | Avg: [365_5j

02 390G 1 Rocker Arm Copscrews. Dnve Studs Mont Recom O/H Hrs:

VerW copscrew torque values

GRAND GULF IB/DIV 2 2 1077 345

SAT

CP&L IDG E003 6 615 325

SAT

VOGTLE 2B 2 Sto 133

SAT

v0GTLE 2A 4 673 180

SAT

VOGTLE IB 9 852 236

SAT

VOGTLE lA 6 S66 237

SAT

PERRY 1R43C001 A/ 1R43C0018 40 530 310

SAT

CP&L . lDG E002 22 891 426

SAT

Totals: Sum: [91 jAvg: |758 _] Avg: 1274 |
[

/
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20 |Results of insoection for TDI D/G Phase i Comoonents
(v'') -

i2/s/n '

No. Run Hours No.Component Utility
No. PM No. Results D/G Train inspections $ forts

02 390G 2 Rocker Arm Capscf ows. Dnve Studs Monf RecomO/H Hrs:

Voofy that rocker arm dnvo studs ore ntact and fight.

CP&L IDG E003 80 615 325

SAT

GRAND GULF 1B/DIV 2 2 1077 345

SAT

VOGTLE lA 6 865 237

SAT

VOGTLE 2A 4 673 180

SAT

VOGTLE 28 2 560 133

SAT

VOGILE IB 9 852 236

SAT

CP&L IDGEN2 83 891 426

SAT

U fotots: Sum: -183 } Avg: 1790.57 i Avg: (268_9 |

03 365C 2 Fuelinsecfor Tubing Monf Recom O/H Hn:

RfVER BEND 1EGS*EG IB 746 2 247

SAT
~

| Avg: |746 2 Avg: (24dfotois: Sunt i

MP-022/23 2 Turbocharger Monf RecomO/H Hrs: 80C&10000

Inspect tripeter/ diffusor and clean tf nocossary

TV ELECTRIC IEG2 1 150 20

SAT

DPC CATAWBA IB 10 136 155

SAT

GRANO GULF IB/DIV 2 3 1275 40

SAT

GRAND GULF 1 A/OfVI 4 2148 112

SAT
r\
k) DPC CATAWBA 2B 8 152 '163

v

|

z
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Results of Insoection for TDI D/G Phase i Comoonents/7 i2/5/93

V
No. Run Hours No.Component Utility

No. PM No. Results D/G Train inspections Starts

OPC CATAWBA 2A 8 181 174

SAT

VOGTLE IB 2 852 236

SAT

RfVER BEND LEGS'EGI A 1 443 75 259

SAT

TU ELECTRIC IEG1 1 678 99

SAT

DPC CATAWBA 1A 10 139 158

SAT
~

CP&L IOG E003 4 615 325

SAT

RIVER BEND LEGS'EG1B i 451.2 247

SAT

PERRY 1R43C001A/ IR47C001B 2 190 120
j

SAT
g

Tolots: Sum: [55 Avg: 57007 | Avg: [246_j ls

MP-022/23 3 Turbocharger Monf RecomO/H Hrs: 8000-10&D

Meosuro eotor end play (amol clearonce) to identify trends of increcang ek*aronce 0 e . thrust beanng degrtahon. 1

!

|

VOGTLE IB 6 B52 236
|

SAT
j

1

GRANO GULF IB/DIV 2 8 1364 543

SAT

GRAND GULF 1 A/DIV l 8 2148 712

SAT

DPC CATAWBA 2B 8 152 163

SAT

DPC CATAWBA 2A 8 181 174

SAT

DPC CATAWBA 18 10 136 155

SAT

PERW 1R43C001 A/ 1943C0018 11 90 40

SAT

(~ - CP&L 1DG E002 12 891 426

(g-
$AT

I

_
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Results of Insoection for TDI D/G Phase | Comoonents.n i2/5 m
,

.O \
,

Component Uttlity No. Run Hours No. )
No. PM No. Results 0/G ftoln inspections starts j

-

I

VOGTLE 2A 4 673 110
l

SAT

VOGTLE 28 4 SM 133

SAT

TU ELECTRIC IEG2 1 150 20

SAT

TU ELECTRIC 1EG2 1 7W 1 45

SAT

TU ELECTRIC 1EGI 1 678 99

$AT

DPC CATAWBA 1A 10 139 158

SAT

VOGTLE 1A 6 866 237

$AT

CP&L IDG E002 10 615 325

SAT

O Totols: Sum: [106 ! Avg: !642 81 i Avg: [234 2_

MP422/23 4 Turbocharger Manf Rocom O/H Hrs: 8000-1CD00

Prxform vuual and blue check irspectiors of the thrust beorrig

DPC CATAWBA 2A 8 181 1 74

5AT

DPC CATAWBA 28 8 152 163

SAT

CP&L IDG E003 4 615 325

SAT

GRANO GULF 1 A/ DIVI 4 2148 712

SAT

RIVER BEND 1EGS*EG1 A 1 443.75 299

SAT

DPC CATAWBA 18 10 136 155

SAT

GRAND GULF IB/DIV 2 4 1364 543

SAT
,

O VOGTLE IB 2 852 236

MTx

|

!

I
|

|

g
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12/5/93 Results of Insoection for TDI p/G Phase I Comoonents 23 |

Component Utility N o. Run Hours No.
,

No. PM No. Results D/G Train Inspections 5 forts |

I
TU ELECTRIC IEG1 1 678 99

j
SAT

'

1

DPC CATAWBA 1A 10 139 158 |

SAT

RIVER BEND LEGS *EGIB 1 4512 247

SAT

CP&L IDG E002 5 891 426

SAT

TV ELECTRIC 1EG2 1 790 146

SAT

PERRY 1R43C001 A/ 1R43C0018 2 190 120

SAT

Totals: Sum: 61 . Avg: 645 07 i Avg: =2716 i

MP 022/23 5 Turbocharger Monf Recom O/H Hrs: 800>10000

Disassemble rococt, and refurbsh

x DPC CATAWBA IB 10 136 155

SAT

GRAND GULF 19/DIV 2 4 1364 543

SAT

GRANO GULF 1 A/DIV I 2 2148 712

SAT

DPC CATAWBA 2A 9 181 174

SAT

RIVER BEND IEGS'EGI A 1 443 75 299

SAT
-

PER2Y IR43CEI A/ 1R43C001B 2 190 120

SAT
_.

CP&L IDG E002 4 725 355

SAT

TV ELECTRIC IEG2 1 790 146

SAT

TU ELECT.?C IEG1 1 678 99

SAT

DPC CATAWBA 1A 10 139 158

( MT

_ _



i, . , a. . - - . - - .

*
.,

._

..

2s-

12/s/93 Results of Insoection for TDI D/G Phase I Comoonents

Component ' Uttitty No. Run Hours ' No.
No. PM No. Results D/G ftoln - - Inspections Starts

SAT

TU ELiCTRIC IEG2 1 790 146

SAT

TU ELFCTRIC IEGI 1 678 99

SAT

*
DPC CATAWBA 1A 10 139 1!a

One mnsng vone was discovered on the right bank turbo durng one irtoection but thefe have been no
optonces of cotostrophc turDo failures due to the condition.

CP&L IDG E002 4 691 426

SAT

RfVER BEND IEGS*EGIB 2 4512 247

SAT

Totals: Sum: 70 Avg: 558.70 ; Avg: '[227]I
~

,

O

.

t



. - _ - - -

,

E 4

SUMMARYOFOWNER"ShECHNICALSPECIFICATIONREQUIREMENTSEDG
,

|

r

ATTACHM ENT 4

_ __

PLANT TECII SPEC WORDING PA R A/PG

1: llarris " Subjecting the diesel to an inspection in 4.8.1.1.2.f.1
_

accordance with procedures prepared in accordance Pg. 3/4 8 6
q

with the TDI Owners Group recommendations for
this class of standby service."

Comanche Peak " Subjecting the diesel to an inspection in 4.8.1.1.2.f.1
accordance with procedures prepared in conjunction Pg. 3/4 8-7
with its manufacturer's recommendations for this
class of standby service; "

CNS " Subjecting the diesel to an inspection, during g.1

| shutdown, in accordance with procedures prepared Pg. 3/4 8 5
in conjunction with its manufacturer's
recommendations for this class of standby sersice;"

River Bend " Subjecting the diesel to an inspection in - f.!
accordance with procedures prepared in conjunction Pg. 3/4 8-6
with its manufacturer's recommendations for this
class of standby service: "

Vogtle " Subjecting the diesel to an inspection in 4.8.1.1.2.h.1

accordance with procedures prepared in conjunction
with its manufacturer's recommendations for this y

class of standby service;" I

Grand Gulf " Subjecting the diesel to an inspection in 4.8.1.1.2.d.1
accordance with procedures prepared in conjunction
with its manufacturer's recommendations for this
class of standby service; "

Perry " Subjecting the diesel generator to an inspection f.1

prepared in conjunction with its manufacturer's Pg. 3/4 8 5
recommendations for this class of service."

m

4

o
.
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- 230 South TrWn Street (104) 382 9800 Dus

PO. Box 1004 (704) 382-8389 Fan
Charute. NC 28201 1004

,

December 21,1993

Mr. James A. Norberg. Chief
Mechanical Engineering Branch
Nuclear Regulatory Commission
Washington DC 20555

Subject: Cooper Enterprise (TDD Owners Group
Generic Licensing Subnuttal for Emergency Diesel
Generators Conditions of License for
Utilities with Enterprise Engines
File: MTS-4086

Dear Mr. Norberg:

During the December 14,1993 meeting with the TDI Owners Group regarding their Surplement 2 submittal dated
12n/93 two areas where additional information was needed were identified. Comments addressing these areas are
provided below:

A
kj 1. Available Outage Windows for Teardowns/ Overhauls: The available " windows" of outage time

of sufficient length to allow engine teardowns and/or overhauls are being shortened due to
Shutdown Risk Management requirements which have been imposed. The actual window
available where a diesel can be removed from service for maintenance depends on a number of

,

factors including plant design, availability of altemate power sources, fuel handling schemes
(e.g. is core completely off loaded for shuffle) and other plant operations, maintenance or
inspection requirements. Dese factors cause the window to vary from outage to outage.
Typically the available window is between 10 and 21 days. Shutdown Risk Management
programs have compressed this window. Again, due to the factors which affect the available
window the impact of this program varies. In some cases it will shorten the window by as much
as 20%. As a result of this shortening and varying lengths of available windows all plants need
maximum flexibility in scheduling diesel work (i.e. schedule major diesel work during outage
where lonrer window are available without impacting overall outage length). Time directed
teardown:merhauls do not allow this flexibility.

2. Fast Start: All licensees have the authority to delete fast start requirements based on Generic
Letter 84-15. Many utilities have not taken this step. Here are a number of reasons for this.
First, many engines have control systems which will not allow a slow start. Some of the TDI
owners are developing a new control system design to address this situation. Second, many
unlities want to consolidate all changes for a particular technical specification. His is due to
the impact on the utility and the NRC work load resulting from a technical specification change
request. Most uulities are waiting for the Generic letter addressing accelerated testing of

f\V '
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Mr. James A. Norberg
December 21,1993
Page 2

IO
emergency diesels before requesting a change to their technical specifications.
When both of these issues are addressed (fast starts and accelerated testing)
nuclear engines starting and operation will be similar to commercial engines. In
fact, with respect to number of starts, many commercial engines used in peaking
service have logged significantly more starts than the typical engine in nuclear
service (typically these engines start twice each day). These commercial engines
have reported no significant shortening in the life of components as result of this
large number of starts. Once the slow start option is implemented and accelerated
testing is eliminated, commercial engine operation will closely match that of
engines in nuclear service and expected component life should compare favorably
with commercial engine components. Ilowever, inspection results to date have
shown that component life expectancy for engines in nuclear service is not
significantly different from commercial engi se components.

If there are any questins or comments, please contact Rick Deese (704) 875-4065 or Dick
Day 004) 382-2763.

rely,

/
- , ,

f i< , w, e

J. B. George, Chairperson C. W. llendrir, Jr., roject Manager
TDI Owners Group Duke Engineering & Services, Inc.f

/rfm

cc: J. Rajan

R. J. Deese
R. C. Day
G. A. llamson
Project File
Central Records
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